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-! APPLICATION OF THE POLAR-FRONT THEORY TO A SERIES OF AMERICAN WEATHER MAPS! 
_ By Cart-Gustar Rosspy and Richarp Hanson WIGHTMAN | 


‘L. In order to show the applicability of the polar-front theory 
to the study of American weather a series of synoptic maps, com-_ 
prising the period February 16-19, 1926, has been subjected to a 
detailed analysis by the methods of the Norwegian Meteorological 
School. The type discussed below, a weak depression from the 
Northwest slowly approaching the lower Mississippi Valley, and 
there increasing in intensity under advection of warm, moist air 
from the Gulf and cold air from Canada, occurs frequently. It 
offers a example for analysis, as the depression is built up of 
at least four different air masses. It is found that in spite of the 
few data from the West the history of the tow can be satisfactorily 
outlined, at least in its general features. — 
_2.. The methods used in locating the fronts are discussed, several). 
data are discussed and employed for identi-— 
fication of the different air masses, The free-air temperatures 
prove very valuable for this purpose, since in the upper levels the 
re mares seem to a great extent to preserve their characteristic 
peratures. 
4. The aerological data are also used for a discussion of the 
stability of the atmosphere over the Gulf States. In this connec- 
tion mpper-ols convection in the South is treated and reasons given 
why this kind of convection plays such an important réle in the 
United States while it is almost without significance in Europe. 
5. Asa result of the analysis of the maps according to the polar- 
front theory it is found that several improvements in the character 
and amount of the observations in this country are highly desirable 
and some suggestions to that effect are offered. 


INTRODUCTION 


In this article are given the results of a study of weather 
maps carried on by the authors in the summer and fall 
of 1926. In taking up this work, the intention was to 
show in the first p how and to what extent the Nor- 
wegian methods of analyzing synoptic maps could be 
applied to the study of American weather. Further- 
more, it seemed desirable to ascertain what modifications, . 
if any, in these theories would be required and finally 
to determine whether any change in the present system > 
of observations might be needed in order to facilitate 
an application of the ibe: ne methods to the daily 
forecast. work,in the United 
in mind it was decided to follow in detail the movements _ 
of the different air masses and fronts on a selected 
series of weather maps, It would, of course, have been — 
possible to take a synoptic chart showing a cyclone of 
clear-cut structure with a well marked warm sector 
but the application of the polar-front theory to such 
a special case would not have given a satisfactory answer | 
to ‘the general question of whether or not a satisfactory 
determination of fronts is possible on our maps in general 
and also whether it is possible to understand the physical . 


processes in operation. A series was therefore selected | 
which, so far as complexity is concerned, leaves nothing 


to be desired. The maps chosen afford examples of oc- 
clusions, a regeneration and a formation of a secondary 


This study was begun during a temporary appointment of Mr. Rossby in the’ 
Weather Bureau but was completed during hi: “The Dani ; 
genheim Fund for the Promotion of Aeronautics.” 


tag 


tates. With these objects _ 


[U. 8. Weather Bureau, Washington, January, 1927} 


according to the wave theory of cyclones. We are well 
aware that in certain details several of the conclusions 
reached may be sabpent to error but, it is believed that- 
in the main our ysis describes the behavior of the. 
fronts correctly. 7 

The first section contains a general description of the 
synoptic charts with special reference to the fronts and 
precipitation areas. To follow this part to the best. 
advantage, frequent reference to the lithograph maps 
1. to 7 is necessary. In the next section are given a 
few examples of the methods pursued in locating the fronts 
The third section is devoted to a study of available 
free air data for the period under discussion. So far 
as possible, they have been used to verify the location 
and movements of the fronts. Section four treats the 
‘question of upper air convection which, in the papers 
published heretofore by the Norwegian school, has been 
almost entirely left out of consideration but which is 
essential for the explanation of certain types of cyclonic 
rain in the United States. Finally in the last section 
suggestions are offered as to desirable extensions in the 
network of stations and additional data to be included 
in the telegraphic reports of observations. The reader 
is supposed to be familiar with the fundamentals of 
the modern ideas concerning the structure of cyclones 


_ (see bibliography). 


I. DESCRIPTION OF THE FRONTS AND PRECIPITATION AREAS 


The period under discussion extends from February 
16, 8 a. m. to Febru 19, 8 a. m., 1926. Maps for 
8 a.m. and 8 p. m. each day are reproduced and numbered 
1 to 7, an explanation of the symbols and notations 

given on each map.? 
. For several days prior to the 16th, as shown by the 
northern hemisphere weather charts, a low pressure 
area moved slowly eastward over the Aleutian Islands, 
while south of its center several secondaries moved east- 
ward to the North Pacific Coast. One of these, attended. 
by a warm front, reached the North Pacific Coast on 
the 14th, at which time a cold front was some distance 
off the California coast. On the evening of the 15th 
the rain belt along this warm front covered southern 
Washington and the greater part of Idaho, while the air 
behind the cold front, C,, had overspread Northern Cali- 
fornia as indicated by the double red line marked ‘‘ Feb- 
ruary 15; p.m.”? on map 1. By the morning of the 16th 
it had overtaken the warm front and an occlusion took 
place with rain over southern Washington and north- 
western Idaho. 

As ee ays occurs in such cases, the low center was’ 
apparently on sr to the south or southeast of the 
occlusion, the low center D, on the morning of the 16th 
being central over Utah. The warm front, W;, may be 


+ Temperatures given in this paper are in Fahrenheit unless otherwise indicated. 
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southward through Utah/and Arizona, and 
thence southeastward through the Rio Grande Valley. 
It eo connected with a cold front OC, over the south- 


ern and western Atlantic. This cold front C,, 
attended the eastward. movement of a trough of low 
pressure off the Atlantic Coast, and has by the mornin 
of the 16th advanced eastward nearly to Bermuda an 
southward to the Florida Straits. Behind C, a deep 
mass of cold air P, has accumulated over the Atlantic 
States and Ohio Valley (see Sec. III, also Fig! 4). As a 
result the pressure system shows an anticyclone, Hy, 
central over the Ohio Valley, the origin of which may be 
traced to Alberta. During its movement southeastward 
it has left behind a thin layer of polar air over the Plains 
States, the West Gulf States and upper Mississippi Valley. 
Above this thin layer we find (see Sec. III) a relatively 
mild dry westerly wind which will be designated the M 
current, but which will serve as polar air relative to the 
depression D,. Between the warm front W, and the 
cold front C, we have a warm sector made up of a cur- 
rent of eer warm air of Pacifie origin, T,. 

The anticyclone H, is increasing in intensity over a 
snow ¢overed region and more and more cold air, Ps, 
is accumulating behind the cold front, C,. When suffi- 
cient polar air has accumulated this cold mass will tend 
to move southward in the form of a more or less well- 
developed cold wave, which in the developments to fol- 


1926 


On map 2 (Feb. 16, p. m.) the depression, D,,; be 
moved southeastward, being central over Colorado. From 
this center the occluded front, which is gradually dis- 
appearing, extends northwestward. The fresh polar air, 


P,, from the Canadian Northwest is spreading southward. 
and the western part of the cold front, C., now almost’ 


coincides with the occlusion. The polar air, P:, is much 
colder than the Pacific air, P;, behind the ocelusion and 
we may therefore expect that the former will partly push 
away the Pacific air and spread southward on the western 
side of D,. 

In the South, warm, moist air, T,,, from the Gulf has 
begun to move northward over the thin layer of polar 
air (P;) covering the West Gulf States, and this ascent 
over a heavier air mass has given rise to the development 
of a rain area over southern Texas. 


The depression, D2, is now located northwest of Lake: 


Superior and the circulation has increased somewhat in 
intensity. A regular warm front rain belt has developed 
northeast and east of Lake Superior, but the mild M air 


is still separated from the ground by a thin layer of P;. 


air, so that no real warm air is discernible at the surface. 
This mild M air over Wisconsin and Iowa seems to be 
flowing in a valley between the colder P, air over the 
Dakotas and the cold P; air remaining over the Atlantic 
States and the Ohio Valley. . 

On map 3 (Feb. 17, a.m.) the depression, PA Nea sy 


low will be of great importance. * displaced still farther southward under the influence of 
Alt 
m 


Broken Arrow 


The tow D, over Manitoba has advanced southeast- 
ward from British Columbia. This Low is maintained 
by the relatively warm M air and the cold P, current 
over Saskatchewan, but, since the ’M air is separated from 
the ground by the thin layer of P; air mentioned before, 
has no well-developed warm sector at the 
surface. 


The origin of the — current over the Plains States. 


and upper Mississippi Valley is somewhat uncertain, but, 
judging from its low humidity, it can not be of Gulf origin, 

ut must have come at least in major part across the 
mountains from the Pacific. Kite ascents at Drexel and 
Ellendale show that this mild air appears as low down as 
560 m. 

- To illustrate the distribution of the different air masses, 
a vertical section for the 16th 8 a. m. is given along lati- 
tude 37°. | (See Fig. 1.) With the aid of the upper air 
data from Washington, Broken Arrow and Revel Dawter 
(afternoon flight) it has been possible to draw fairly well 
the boundary between the M and the P, air. It is not 

ssible to determine the boundaries: between the P,, 

p, and M currents on account of the absence of upper 
air data from the Western States, but considering the 
relative densities of the three air masses as inferred from 
the surface temperatures and the position of the fronts 
at the surface, we may conclude that they are distributed 
approximately as indicated by the net tm lines in the 


Royal Center 
Fic. 1.—Vertical section of the atmosphere along latitude 37°, February 16, 8 a. m. 


Bermuda 


the heavy polar air, P:, north of it. The occlusion and 
the western part of the new cold front C, have joined 
and play the réle of a well-marked secondary cold front 
to D,, (C.). The cold front, C,, extends from the de- 
pression, D,, southward and then westward over north- 
western Mexico. The small rain belts over northern 


Missouri, lower Michigan, and at Doucet, Quebec, may : 


be explained as a kind of warm front rain. _As the P 


current spreads slowly southeastward the mild .M cur- 


rent in front of it, which is made up of several strata 


the densities of which increase from northwest to-south-. 


east, tries to escape to the east. As a result the warmer 


layers of the M current will slide up along and over the | 
colder ones, in this manner producing a light, warm front . 


rain (St. Joseph 0.06 inch, Grand Haven 0.07, and Doucet 
0.10). That the density of the M current actually 
increases from northwest to southeast, at least in the 
lower levels, is seen from the morning kite ascents, the 
temperature at 1,000m being 3.3° C. at Royal Center and 
0.7° C. at Washington, and at 1,500 meters 0.7° C. at 


Royal Center and —0.3° C. at Washington. At higher, 


levels the density changes in the opposite way. 

The air, P;, which has been around the 
anticyclone centered over gre has been heated from 
below through contact with the warm water of the Gulf. 


This heated polar air will be studied more closely in 
Section III, and is there denoted as M; air. On account 
of this heating it is very difficult to trace the exact posi- 


| 

ure. 
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tion of the front Wi, which, under the influence of the 
increasing southerly current, Tn, has begun to move 
northward. It seems, however, as if northeastern Texas 
was still covered with a thin layer of heated P; air (M;). 
The rain belt, which on the preceding map was located 
over Texas on the northern side of W,, has moved north- 
eastward during the night and is now over Louisiana and 
Arkansas. Even in its eastern part the warm front 
(W;) has moved slowly northward under the influence of 
the southwesterly T,, current and seems to be located 
between Miami and Ft. Myers. 
On map 4 we find the depression, D,, displaced still 
more to the east and south, being now central over 
Oklahoma. The cold front,;'C,, extends from the center 
southward to northeastern Mexico and thence probably 
westward. The western part of the cold front, Co, 
extends from D, northwestward. In'comparing this map 
with the preceding one, it is seen that the polar air, 
P;, is spreading southward to the west of the depression. 

The Tn air has now worked down to the surface over 
the greater i of Texas and southern Louisiana. The 
warm front, W:, passes pre area | north of New Orleans 
and continues eastward between Titusville and Jackson- 
ville. The rising pressure north of the front, C,, shows 
that the P, air mass is slowly pieesing the entire system 
southeastward, lifting the Mair and thus producing a 
broad rain belt along the front. , 

During the next 12 hours the cold front C, overtakes 
the western part of the warm front W,. As a conse- 

uence the rain belt along the latter has almost entirely 

isappeared on Map 5 (Feb. 18, 8 a. m.), while the rain 
belt along the eastern part of C, remains unchanged in 
extent. map 4 the development of a wave-like dis- 
turbance off the South Atlantic coast along the eastern 
na of W, was indicated. This wave has continued to 
evelop and move northward simultaneously with the 
formation of a rain belt over Georgia, the Carolinas and 
extreme northwestern Florida. This wave, as seen on 
the following maps, will develop into a secondary with 
closed isobars. 

The western part of the cold front, C., has moved 
entirely around the center of the depression D,, and the 

lar air P, has reached northern Texas. Thus the 

acific air, P, is restricted to a rather narrow, spiral 
form of wedge extending from the Texas coast into the 
center of D,. 

On map 6 (Feb. 18 p. m.) we find that D, has moved 
eastward. It is now central over southeastern Missouri. 
The secondary which on the preceding map was central 
over Georgia has moved northward up the South Atlantic 
coast and increased in intensity, so that now a separate 
low pressure center, Dg, is found over North Carolina. 

e area of rain over Georgia and northern Florida 
must be explained to a great extent as due to upper air 
convection, produced as the warm T,, current penetrates 
under the somewhat colder T, current. (See Sec. IV, 
Pp. 492.) Theconvectional character of the rain is obvious 
rom the fact that thunderstorms occurred at Atlanta 
and Thomasville. 

The cold air, P:, continuing to move southward behind 
D; now covers Texas, and is beginning to spread over the 
Gulf of Mexico. The cold front C, has also moved 
eastward and now extends from Alabama southward. 
The occluded part of the front continues to decrease in 
intensity. At the point south of the occlusion where C, 
and W; branch out there would ordinarily develop a 
new spe ey center D,. However, the three centers 
Di D;, and D, are so close to each other that the indi- 


ual circulations around them markedly influence each 
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other and have a tendency to join in a single circulation 
in the same way that vortex| experiments have shown 
small water whirls rotating in the same direction to have 
a tendency to join and form a single large whirl. iG 
- Map 7 (Feb. 19, 8 a. m.) shows a continued displace- 
ment of the center D;, toward the east. The cold front 
C, has now taken the form of a line extending from New 
England southwestward to extreme northwestern Florida, 
behind which the cold air P, flows unhindered over the 
Gulf of Mexico. ‘The D; center has moved northward to 
northern Virginia, while what remains of the D, center is 
over northeastern South Carolina. The front W.-C, 
is still accompanied by an extensive rain belt along the 
middle and south Atlantic coast, which is clearly sepa- 
rated from the rain belt behind C, by a region without 
precipitation over the southern Appalechians. The 
whole low pressure system over the Atlantic States has 
deepened (in other words, the circulation has increased 
in intensity) during the last 12 hours. The lowest pres- 
Poe is 29.56 on the 18 p: m. while on the 19 a. m. it is 

This increase in intensity of the circulation may be 
explained as a result of the gradual disappearance of the 
two sectors M and P,, separating the warm T,, and the 
cold P, currents. Thus the temperature differences at 
the W,-C, and the C, fronts are added. In the subse- 
quent developments we may expect the transition layers 
between T,, and P, to disappear entirely and a single 
well marked discontinuity to develop. 


Il, EXAMPLES OF METHODS USED IN LOCATING FRONTS 


A few examples will be given illustrating how the 
position of a front is determined by means of the ordi- 
nary surface observations. | 

For this perpore we may start with/the warm front 
W, on map 4: We see on this map a rain area extending 
from the center D, over Oklahoma, east southeastward to 
Alabama. This rain area is of the broad type which 

nerally accompanies a watm front. We should there- 
ore most naturally expect to find some discontinuity in 
the ttaontareal elements in that region. In the 
rain belt the winds are mostly east or southeast, while 
south of it they are all southerly. . Thus, it. is logical to 
place a warm front tentatively along the southern limit. 
of the rain belt. That would mean that we have to 
explain the rain belt as the result of the up-grade move- 
ment of the southerly current over the east and south- 
easterly winds in the rain belt. If we look a little closer 
at the data, we find that the temperatures are in good 
agreement with this hypothesis. ithin the stage 
current the temperatures vary from 70° at Brownsville 
and New Orleans to 62° at Fort Worth. In the rela- 
tively cold P, current, temperatures range from 60° at. 
Shreveport and Mobile to 48° at Little Rock. Thus 
we see that, while the tentative front is not accompanied 
by a marked temperature discontinuity, it distinctly 
separates two air masses which, considered as a whole, 
are of very different temperatures. Furthermore, the 
cloud observations confirm the hypothesis that warm 
air is sliding upward over the colder southeasterly current. 
Thus Vicksburg with a surface wind from the southeast 
reports nimbus moving from the southwest and Fort 
Smith with easterly surface wind reports strato-cumulus 
from the, southwest. Also the cloud observations at 
Oklahoma and Springfield, Mo., confirm the hypothesis 
of an upper drift from the south or southwest.. The 
absence of a marked temperature contrast along’ the 
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front W; is what is generally to be supacted in the ease 
of warm fronts and is explained by the combination of 
several factors. The warm front is generally preceded 
by winds with increasing southerly components which 
bring in warmer and warmer air masses. . Furthermore, 
due to surface friction the cold air, as it is pushed away 
by the warm current, will often leave a, thin surface 
layer behind. This layer will.gradually mix .with,.the 
warmer air above and thus prevent a sudden change in 
temperature or wind direction at the surface. | - ) 

There is another element. which generally is of great 
value in determining the position of the fronts, namely, 
the barometric tendency, (the pressure, change in the 
two hours. preceding the observation). In the case of 
the passage of a warm front, preceding which warm.air 
gradually works downto the surface from above, the 
total weight of the air column over a station decreases, 
thus causing falling pressure ahead of the front and as.a 
corollary, negative tendencies. In the example. such 
negative tendencies are noted at Pensacola and Spring- 
field, Mo. Little Rock shows a pressure rise of .04 in 
in apparent disagreement with the above statement, 
but this inconsistency is explained by the occurrence of a 
thunderstorm. After the passage of the warm front, 
when all the cold air has disappeared, the rate of the 
pressure fall generally decreases, thus giving an inflection 
in the pressure.curve. As the cold front approaches, 
the southerly current frequently increases, bringing in 
warmer air, whereby the pressure is further decreased. 
This continuous pressure fall will tend to diminish the 
characteristic angle (A) accompanying the passage of 
the warm front (seé fig. 2), but it will accentuate the 
angle (B) caused by the passage of the cold front. 


Fic. 2.—Idealized barograph trace during passage of warm sector 


As an application of the above idea let us look at, the 
berograph trace at New Orleans (fig. 3)... On the morn- 
ing of the 17th New Orleans was in the cold air with 
northeast wind, force 3 and a temperature of 58°, while 
at.8 p. m, the temperature had risen to 70° and the wind 
changed to south, indicating the passage of the warm 
front. The cold front seems to have passed during the 
day of the 18th, the wind having changed from south- 
west to west and the temperature in the same interval 
having fallen 2°, as compared to the normal rise of 6° 
from, 8 a.m. to 8 p. m. The barograph trace shows a 
pressure fall from 6 a. m.,to 6 2: m, of the 17th, at which 
time the warm front apparently passed and the pressure 
ceased to fall. About 10 a. m. of the 18th the pressure 

ain began to fall, continuing until about 4.30 p. m., 
when the cold front passed and the pressure began. to 
rise, 

If thermograph traces are also available they may be 
used in the pes ye of fronts. However, the effect of 
the daily range of temperature and the variations,due to 


changes in. cloudiness. disturb. greatly. the. ‘‘dynamic’’ 


temperature changes, in other words, the changes pro- 
duced by advection of air masses from warmer or colder 
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real, verification of this construction comes, 
on the next map (map 5), where the front is displaced 
northward over eastern Georgia and the Carolina coasts, 
and a wave accompanied by a rain belt has ik ey 
along and to the north of the front... Jacksonville has 
obviously been passed by the front, for the temperature 
there has risen 4° during the night against a normal fall 
of 6° and the wind has changed from west to south. It 
is-interesting to note that Jacksonville. which, from the 
beginning, was north of the front and therefore, within 


the 
inch 
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On map 4 (Feb, 17, p. m.)' we have placed the eastern 
art of the warm, front W,, between Jacksonville and 
itusville, the reason being that the temperature differ- 


ence between these stations is 8° while the corresponding 
difference between. Titusville and Miami amounts to 
only 4° (in spite of the much greater difference in latitude 
between the two latter)... In the same way the tempera- 
ture difference between Tampa and Apalachicola, which 
are situated on opposite sides of the front, amounts to 
8°. It is seen from the cloud observations at Jackson- 
ville that the warmer air south of the front has ~— 
to slide upward above the P, air north of the front. .The 


however 


ion in which the rain belt developed, has had 0.50 
while Titusville, which all the while 
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Fig. 3.—Barograph trace at New Orleans, February 17, 18 


was in the warm air, got no rain. Also, the temperature 
at. Titusville fell 2°,during, the night, which is about the 
amount that usually may be expected, showing that this 
station remained in the same air mass. r 
As an example of a cold front let us take the chart 4 
of February 17, p..m. The western. part of, the, cold, 
front C, was determined in the following manner. Since 
no definite wind shift line could be found, the tempera- 
tures were used. The actual temperatures. were. com- 
pared with the normals for the different.stations. | It 
was found that all the stations in the.P,. air, north of C2, 
had temperatures consistently below the normal. For: 
instance, Santa Fe 28° (normal 36°), Denver 26° (normal. 
35°), Cheyenne 22° (normal 29°). ..On‘the other hand 
the stations west; and south of C, show temperatures 


about normal ora little above; for instance, Lander 28° 


(normal,27°), Grand Junction 38° (normal 37°), Durango 
34°. (normal 36°), and Roswell 52°.(normal 52°). As 
seen from the aboye, Durango is a little below normal, 
but the northwesterly wind, the clear sky, and the non- 
occurrence of precipitation jindicate that. the front C2 
has not, yet passed. It is 
all the stations east. of the front C, have cloudy or partly. 


seen from the map that. 
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cloudy weather, while Grand Junction and Durango 
have clear weather.. Furthermore, the greatest positive 
pressure tendencies are located east of the front.. Lead- 
ville is obviously situated..within the warmer P, air 
having a northwest wind that agrees with the general 
drift within the P, air mass. This may appear. incon- 
sistent with the construction, but when it is considered 
that this station has an elevation of 3,150 meters, which 
is about 1,500 meters higher than any other station in 
this immediate region within the cold sector, the in- 
consistency disappears for the reason that the P, current 
here reaches an elevation between that of Leadville and 
the surrounding stations. | 


III. THE AEROLOGICAL DATA 


In the discussion of the serological maps we have 
excluded the lower levels (below 1,000 m.) in which the 
observational data are affected by radiation and local 
conditions. Maps for the 1 km., 1.5 km., 2 km., and 
3 km. levels are reproduced in Figures4—7. For the kite 
data entered on these maps altitudes are referred to sea 
level, and for the pilot balloon data to the ground. The 
discrepancy thus created is insignificant, since the aero- 
logical stations, being all in the Middle West and the 
East, are generally at small elevations; furthermore, 
where a kite record was available, the wind data also 
were taken from this record. Thus all the data at the 
kite stations are referred to the same base. On the maps 
for the 17th, we have entered the surface observations at 
Pueblo (1,420 m.) and at Denver (1,613 m.).on the 
1,500 m. map, at Durango (1,991 m:) on the 2,000 m. 
“—_ and at Leadville (3,150 m.) on the 3,000 m. map. 

tarting with the maps of February 16th, 8 a. m., we 
see that at Ellendale, Drexel, and Broken Arrow temper- 
atures at 1,000 m. are-about the same, varying between 
2.1° C. at Ellendale and 4.0° C. at Drexel, while over the 
East the eateratte at that level is much lower, being 
—8.9° C. at Washington, D.C. 
. bh contrast extends up to the highest levels reached 
y_ kites. | 

The eastern and southern boundaries of the cold air 
(Fi) over the Atlantic States are given by the cold front 

The body of the Py air, being limited on the east, south, 


and. west, must therefore be dome shaped. The probable. 


configuration of the transition layer between P, and the 
warmer air (M) is indicated by dotted lines for the differ- 
ent leyels. The comparatively warm and dry M current 
will in the subsequent developments serve partly as polar 
air (in its relations. to the warm T, current from the 
Gulf appearing on the later maps) and partly as tropical 
air (relative to the P, air mass). 

Over the West Gulf States a.warmer current (M,) is 
penetrating northward in the 1,000 m. level. Since its 
relative humidity is low as compared with the warm T., 
current appearing on ‘the maps of the 17th, it seems justi- 
fiable to assume that this Mj current is of polar origin 
but during its transport over the Gulf has gradually been 
heated from below. The probable lateral’ extension of 
this M;, air,.is given by a dotted line. 

_On account of lack of sence data in the West, the 
distribution of the P,, P, and T, 


mined, but to aid the reader we have transferred to the 
1,000 m. map the positions.of:the fronts at the surface 
map 1. 

he morning map of February 17th’ shows a. consid- 
erable warming at all levels over Washington, 9.6° C. at 
1,000 m., 12.1° C. at 2,000 m:, and 13.7°C at 3,000 m., 
Indicating that the P, air has disappeared, and that 
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masses not be deter- . 


Washington is now in the M air. The M;, aif, which on 
the preceding map was over Groesbeck, has been displaced 
northeastward and istiow moving in the form of a spiral 
towards the center of the depression over Colorado, as 
indicated. by the warm northeast wind at Drexel. At 
the 1,500 m. level this station has a temperature con- 
siderably above that of the M air at the same level, but 
it has a rather low relative humidity, 51%, whence we 
may conclude that it can not be within the T,, current 
from the Gulf, which is characterized by high humidity 
(87% at Broken Arrow, 81% at Groesbeck). 

Both Broken Arrow and Groesbeck show inversions 
and changes in wind direction at 1,000 m., indicating that 
the transition layer between T,, and M, at this level 
passes through the two stations. With increasing height 
the wind direction in this region becomes southwesterly, 
the T,, current gradually giving place to a somewhat 
cooler T, current. The transition between these two air 
masses takes place in the layer between 1.5 km. and 2 km., 
and is characterized by a comparatively high lapse rate 
(0.54° C. at Broken Arrow; see Sec. IV). 

It is interesting to verify our constructions by com- 
paring the temperatures in the M air for the 17th with 
the correspon temperatures for the 16th. At the 
1,000 m. level we had on the 16th temperatures averaging 
3° C. and on the 17th 2° C.; at the 1,500 m. level the 
temperatures averaged 1° C. and 0° C., respectively, and 
finally, at the 2,000 m. level —3° C. and ~—2° C., 
respectively. 

he P, current has on this map reached Ellendale and 
brought about a marked cooling. 

The maps for February 18th show a considerable dis- 
places of the different air masses. The P, current 

as continued to move southward, Drexel as well as 
Ellendale being now within this air. 

The P, current from the Pacific is moving ae 7: Pom 
towards the center of the Low, now over eastern Okla- 
homa.. With the arrival of this air the temperatures 
over Broken Arrow and Groesbeck have fallen. The 
M; and the M air masses have been displaced northeast- 
ward, and the T,, current has moved eastward. The 
boundary between the M and the T., air is found over 
Due West at the height of 1,200 m., where there is a well 
marked inversion with wind shift from ESE. to S. . 

As a verification of the constructions given on the 
maps we may again compare the temperatures within 


‘the different air masses for the 17th and the 18th within 


the T,, air. We had at the 1.5 km. level on the 17th 
temperatures averaging + 10° C. and on the 18th +9° C.; 
at the 2 km. +8° C. and +6° C., respec- 
tively. For the M, air the corresponding data at the 
1.5 km. level are +4.3° C, and +5.5° C.; at the 2 km. 
level +1.2° C. and +2.5° C. 

The maps for the 19th show a general spreading south- 
ward and eastward of the P, current, all the kite stations 
except Due West being now in this current.. Due West 
seems to be within the M, air which is best seen if the 
temperatures there are compared with those at Wash- 
ington for the preceding day. Thus thé temperature in 
the M air on the 18th at Washington was 8.3° C. at the 
1,000 meter level, 5.5° C. at 1,500 m. and 2,5° C. at 
3,000 m., while the co nding temperatures at Due 
West on the 19th were 8. C., 5.0° C., and 3.7° C. 


IV. CYCLONIC CONVECTION 


A closer study of the warm front rains,over the Southern 
and Central States shows that in one respect —— 
widely from the type of warm front rain or 


observed in northern and western Europe. In the 
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1,000 m. 


’ Fie. 5.—Winds, temperatures (degrees centigrade), and humidities in the free air, 


February 17, 8 a. m. 

Inversions 
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latter, the precipitation is evenly distributed over a 
large area. inning as light rain, starting at high 
levels, it gradually increases in intensity as the rain belt 
advances. Seldom, if ever, is it associated with con- 
vection phenomena. If we now turn to the warm front 
rain along W, (Map 4 et seg.) we find it accompanied 
by squalls and heavy thunderstorms. These thunder- 
storms can not have their origin in surface convection. 
Fort Smith and Vicksburg, which both reported thunder- 
storms on the evening of the 17th, were within the rain 
belt on the morning of the same day and remained there 
during the day. Thus, on account of the thick cloud 
layer, the effect of direct solar radiation in producing 
heat convection from the ground was eliminated. This 
becomes still more evident if the kite ascents at Broken 
Arrow~ and Groesbeck are taken into consideration. 
They show southerly winds within the lowest 1,500 
meters with lapse rates less than 0.4° C. per 100 m., 
indicating ‘a stable stratification. Thus we are forced to 
localize the thunderstorm-producing convection in the 
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and between 1,000 m. and 1,500 m. 0.04° C. but higher 
up, between 1,500 m. and 2,000 m. it increases to 0.54° 
C. which is just about equal to the adiabatic lapse rate 
for saturated air of this pressure and temperature. Since 
the relative humidity at these levels ranges from 80% to 
87%, it is clear that only a small upgrade movement is 
needed to start condensation. Once condensation has 
begun, the air will continue to rise with increasing velocity 
as long as there is any water vapor left. 

There is nothing to produce such an upgrade move- 
ment within the warm sector of the cyclone, but alo 
the warm front where the T, air is forced to ascen 
above the surface layer of colder P, (or M;) air, the 
vertical components are sufficiently great to start con- 
densation. Thus we will have a more or less thin, 
warm, moist T,, current sliding up over the warm front, 
between the P, air below and the T, air above as through 
afunnel. Along the warm front surface we have a smooth 
cloud layer, due to the slow upgrade movement of the 
T air and corresponding to the warm front cloud layer 
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Fig. 8.—January isotherms over Europe 


free atmosphere above 2,000 m., to which height the 
kites rose during the 17th. 

In order to explain thunderstorms of this type we may 
assume that, through suitable advection at different 
levels, relatively warm air masses have been brought in 
under a colder current in such a way that at a certain 
height the stratification has become unstable. Thus, in 
the case under discussion, as the center D,; approached 
the Mississippi Valley, the moist and warm air over the 
Gulf was accelerated northward aad brought in below 
an upper, somewhat colder southwesterly current. 

This assumption is supported by the aerological maps 
for this périod. On the morning of the 17th (fig. 5) we 
have over the West Gulf States a warm moist T,, current 
from the south extending up to about 1,500 m. At this 
level the wind slowly changes to southwest and west- 
southwest, the T,, current gradually giving place to a 
somewhat colder T, current. At the same time the 
vertical temperature fall becomes steeper. Between 500 
m. and 1,000 m. the lapse rate is only 0.18° C. per 100 m. 


as described by Bjerknes and Solberg. Above this cloud 
layer, where the lapse rate is unstable, violent convec- 
tion sets in, giving rise to huge Cu. Nb. clouds attended 
by squalls and sometimes thunderstorms. The reason 
why this convection does not spread downward is that 
the boundary between the P; and T,, currents is charac- 
— by a temperature inversion, impenetrable by 
eddies. 

Why do not the causes which produce the above de- 
scribed kind of cyclonie convection give the same re- 
sults in northern and western Europe? The answer is to 
be found in the different distribution of land and water 
surfaces. In Europe there is a large land area in the 
south with a comparatively warm ocean to the north 
and west, while in the Gulf region the distribution is just 
the opposite. In winter, the European continent is 
generally covered by a layer of cold, polar air. The 
cyclones, which move northeastward along the coast, 
generally have the form of long narrow tongues of warm 
air pointing northeastward. account of this foi:m 


\ 
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they generally occlude very rapidly. Even if within 
the warm sector of a cyclone the lowest layers are moving 


8 

0.—January isotherms over thé United States 
northward relative to the upper current, this does not 


necessarily mean any tendency to the creation of supera- 


MONTHLY WEATHER REVIEW 493 


by Mr. Choate of the United States Weather Bureau,’ 
is so significant for American weather that treatment 
of it here, in connection with the more general question 
of cyclonic convection, seems desirable, even though 
the map series under discussion offers no very striking 
example of this phenomenon. 


If two currents of very different density, the one of 
polar and the other of tropical origin, are kept in balance 
side by side through suitable relative movements and 
then, for some reason, this motion stops, the heavier 
mass will have a tendency to sink to the ground and to 
spread under the warmer and moister air as a thin, 
cold layer. If, however, the difference in density 
(temperature) is very sigh the colder air may spread 


‘out in an intermediate level and thus float on the top 


of a warm current. 


If the original vertical temperature distribution within 
the warm air is given by the line ofyé in Figure 10A 
and the overrunning takes place between the two 
levels A and B, the resulting temperature distribution 
will be a8cys. From this graph we see that the upper 


“Te ; Fie. 10.—Ideal vertical distribution in overrunning cold front 


diabatic lapse rates in higher levels. The reason for this 
is that normally, at least at the surface, there is hardly 
any latitudinal temperature gradient over northwestern 
Europe (fig. 8). In certain parts of this region the peculiar 
distribution of land and water has even produced a re- 
versed temperature gradient. aed 
In summer, conditions in ‘northern Europe are more 
favorable for the development of cyclonic convection, 
since the continent has become heated to a temperature 


considerably above that of the Atlantic. However, the . 


warm continental air does not carry enough moisture to 
produce any considerable instability and convection. 
“» If we now observe the January isotherms for the Gulf 
States (see fig. 9), we see, that at New Orleans the 
latitudinal temperature gradient at the surface amounts 
to about 2.6° C. per 100 km. If within the lowest 2 km. 
the average vertical temperature lapse rate is 0.4° C. per 
100. m. and the air is given such a movement north- 
ward that the total displacement at the surface is equal 
to 200. km. and at the 2 km. level is equal to zero, then 
through this displacement the average vertical lapse 
rate will increase to: 0.66° C. per 100 m., which is con- 
siderably above the adiabatic lapse rate for saturated 
air. It is obvious then that almost any slight, occluded 
disturbance which approaches the Mississippi Valley 
from the northwest will accelerate the air over the 
Gulf enough to produce potential instability. 
There is another kind of. upper air convection. which 
Plays an equally or even more important réle in the 
nited States, namely, that caused by the passage in 
higher levels of a cold front over a warmer surface 
current. This type of convection, the importance of 
which has often emphasized (though not in print) 
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boundary of the cold current is now characterized by 
an inversion and increased stability. In the lower 
levels, where the polar current is in contact with the 
underlying moist air, the stability has decreased or even 
changed into instability; as a consequence, convection 
is likely to occur. 

A good example of this overrunning is found in the kite 
ascents at Drexel and Ellendale for October 10, 1923, 


Figure 11.4 On the morning of this day both stations, | 


which are situated on the eastern side of a trough, have 
surface winds from SSE. At Ellendale, the wind be- 
tween 1,250 m. and 1,500 m. turns to south and remains 
south up to the top of the flight, 4,300 m. The relative 
humidity decreases gradually to 27% from the surface 
up to 3,200 m. and then slowly rises to 73% at 4,300 m. 

ere is a surface inversion and a weak inversion at the 
2,000 m. level, the lapse rate being small at all heights. 
At Drexel, the wind between 1,250 m. and 1,500 m. 
turns from S. to SSW., while the temperature lapse 
rate increases. Between 1,564 m. and 2,000 m. the wind 
again backs to S. In this layer the lapse rate reaches 
its maximum value, 0.8° C. per 100 m. From 2,420 m. 
up to 2,644 m. there is a well developed inversion with 
a rapid decrease in relative humidity. 

Comparing the two stations we find that, except in 
the radiation cooled surface layers, the temperatures at 
Drexel up to a height of 1,250 m. are higher than the 
corresponding temperatures at Ellendale, as one would 
naturally expect on account of the difference in latitude. 
At 1,250 m. Drexel is only 0.5° C. warmer than Ellen- 
dale. At the 1,500 m. level Drexel becomes colder than 
Ellendale and at 2,000 m. the difference amounts to 
3.5° C. At 3,000 m. Drexel is again warmer than 
Ellendale. Thus it looks as if a colder current with.a 
slight westerly component is coming in over Drexel 
between 1,500 m. and 2,420 m. 

If this supposition is correct, we may expect to find 
this same current better developed in the afternoon 
flight at Ellendale. This is found to be actually the 
case. The flight shows southerly winds up to 1,250 m. 
At 1,500 m. the wind changes to SSW. and so remains 
up to 3,855 m., where it again changes to S. It is 
interesting to note that, while in the lower levels the 
temperature during the day has risen, and at 1,500 m. 
remained constant, higher up with the change in wind 
direction to SSW., it has fallen considerably, for instance 
2.3° C. at 2,000 m., 2.7° at 3,000 m., and 2.3° at 3,500 m. 


-In the highest layer, where the wind has remained un- 


altered, the change is very small, e. g.. —0.3° C. at 


_ 4,000 m. Thus we may conclude that the cold current 


has now reached Ellendale and is spreading out in a 
layer between 1,500 m. and 4,000 m. As we should 
expect, we find an inversion at the upper tpg of 
the cold current, where the temperature rises from 
—1.3° at 3,855 m. to 0.2° C. at 4,059 m. 

In general, the overrunning cold front will not deviate 
materially in wind direction from the surface current, 
on account of the turbulence and strong convection at 
its lower boundary. 

Suppose that the cold front, as it advances, overruns 
air of gradually increasing temperature. This can be 
represented in the temperature diagram (fig. 10 B) by 
a displacement to the right of the curve af to the new 
aie sag a’B’. Thus the plane A would be characterized 

y a sudden drop in temperature. The resulting 
temperature distribution, being strongly unstable, will 
immediately give rise to turbulence and overturning. 


‘ This example has been discussed by Mr. Choate. 
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As a consequence, the two air masses will mix to some 
extent but the main result will be a sinking of the polar 
current down to the level. A’, where the prolongation 
of of intersects the temperature curve a’’. 

On the other hand, if the polar current overruns air 
of gradually decreasing temperature, it will be lifted 
to a point where of and the new temperature curve a’’B’’ 
intersect (fig. 10 C). . 

We have now seen how it is possible for the cold air to | 
float on top of a warm current. We must, however, 
explain the origin of this stratification. For this purpose, 
we take the topography of the Western States into con- 
sideration. A cold current from the Pacific is not able 
to pass the Rocky Mountains until so much cold air has 
accumulated that it reaches the summit of the range. 
Then the upper layers of this cold Pacific air will grad- 
ually begin to flow over the range through the mountain 
passes and, unless the lapse rate within the air east of 
the mountains is very high, this Pacific air will not im- 
mediately penetrate down to the surface.. In spring, 
when the snow cover on the ground in the Northern 
Plains States helps to maintain a surface layer of stable, 
radiation-cooled air, conditions are very favorable for 
the occurrence of this overrunning. On the contrary, 
the cold fronts from the north are generally marked by 
such a decided temperature discontinuity that the cold 
air immediately sinks to the ground. 

As the overrunning cold front advances southeastward | 
it will meet warmer and warmer air:. Thus the tempera- 
ture differences will constantly increase and the free air 
turbulences will become more and more violent. In a. 
paper printed elsewhere in this Review, Humphreys 


\ connects the occurrence of tornadoes with the overrun-. 


\ most favorable, 


ning of cold fronts and points out that the occurrence of _ 
tornadoes is most frequent in spring, when according to 
the above discussion the conditions for overrunning are’ 
It would seem that overrunning should also be possible 
in. northwestern Europe. However, in winter time a 
mid-air cold front which approaches the. European 
continent from the relatively warm ocean to the north- 
west, will meet colder and colder air and thus be lifted to 
higher levels, becoming gradually weaker... In Summer 
time, when the continent is heated, the reverse is true 
but the continental air is then rather dry, which will 
counteract the tendency to convection... | | 


Thus we are led back to the question: What is the 
role of the moisture in the atmosphere and especially, 
what is the significance of the lapse rate for saturated air? 
The chief difference between convection in’ moist air 
and in dry is this: An atmosphere in which the lapse 
rate is a little steeper than the moist adiabatic (without 
pe mg the dry adiabatic), and in which the humidity is 
a little less than 100%, is stable from a purely dynamical 
0 mg of view. An air particle (fig. 12), which is lifted 
rom its equilibrium position, will expand at first accord- 
ing to the dry adiabatic law, will become colder and 
heavier than its po mB and hence will tend to sink 
to its original position. If the upward displacement is 
great enough, the water vapor will condense and the 
temperature change will now follow a psuedo-adiabatic 
eurve. Only, when the forced displacement of the 
particle is so great that the particle, moving along this 
pseudo-adiabatic curve, again meets the curve for the 
actual temperature distribution, will instability result. 
Thus we see that in an atmosphere where the lapse rate 
is intermediate between the moist adiabatic and the dry 
adiabatic and where the humidity is less than 100%, 
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finite displacement is necessary in order to start convec- 


tion and the less the humidity the greater the displace- 


ment required. Thus we may, through suitable advection, 
‘increase the lapse rate to almost the dry adiabatic and in 
this way store up a considerable amount of energy which, 
once convection Ae started, may suddenly be made ayvail- 
able for the production of turbulent energy. -We may 
say, that an atmosphere with the above-described strati- 
fication is dynamically stable but thermodynamically 
unstable. | i 

On, the other hand, within a dry atmosphere with 
superadiabatic lapse rate, any displacement of a particle 
wil, immediately start convection and prevent the 
development of highly superadiabatic lapse rates. Great 
amounts of potential energy in this case can never be 
stored up and violent turbulence is, therefore, not very 
to occur. | 
_ The conception of cyclonic convection is not new in 
American meteorology but can be traced as far back as 


| 
— Actual /apse rate 


---Ory adiabatic 
adiabatic 


to the foree acting on a particle which has been displaced trom its equilibelum 
position in the plane AA 
Ferrel’s condensation theory. In later years the idea of 
convection arising from instability produced by suitable 
relative movements of superposed air layers was used 
by Humphreys,’ to explain the thunderstorms that 
frequently occur in the southern quadrants of a Low. 
Here, according to Humphreys the upper winds are 
westerly while in the surface Fai on account of 
friction with the ground, the wind has a southerly com- 


ponent. As a consequence of this wind distribution 


warmer and warmer air is brought in below, instablilt 
results and convection starts. r. Choate, through his 
studies of kite records at Drexel and other stations, has 
been led to the conclusion that a large percentage of the 
cyclonic rainfall must be attributed to convection which 
begins at some distance above the ground, due to relative 
movements of superposed air layers. As pointed out 
above he has specially emphasized the frequent occur- 
rence of overrunning cold fronts. 


V. CONCLUSION 


The present distribution of meteorological stations in 
the United States has been brought about as a very 
gradual development by the addition of a few stations 
at atime. The weather map of January 1, 1871, shows 
that of the 29 stations reporting by telegraph, 11 were 
along the Gulf and Atlantic coast, 8 along the Lakes 
and 10 in the interior. Of the latter 10, only 2 were 
west of the Mississippi River. During the next 10 years 


§ Physics of the Air, Philadelphia, 1920, p. 347. 
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the number had increased to 91 and in the following 
decade to 128. By 1900 there were 139, by 1910, 168 
and at present between 180 and 190. At first the deter- 
mining factor in the establishment of stations was the 
location of the Signal Corps stations, where telegraph 
facilities and observers were available and the further 
fact that the service was inaugurated to protect shipping 
primarily. Later, when telegraph lines tapped almost 
every region, the need of serving important industrial 
and agricultural communities provided the movin 
reason. Naturally the eastern half of the country had 
more stations than the West. 

The data telegraphed depended first on the needs of 
the forecasters, supplemented later by demands for pub- 
lication in the press and on the weather maps and bul- 
letins of certain of the data, limited Gintineatiy by need 
for economy in telegraphing. 

The groundwork of reports was organized at a time 
when little was known of forecasting, and the system 
of reports was later expanded during a period when 
forecasting was based on the experience accumulated 
by forecasters in their study of the weather maps, rather 
than on an understanding of the dynamics of cyclones 
and anticyclones. Under these conditions meteorol- 
ogical data in considerable detail were not needed. 

owever, as the physical processes became better under- 
stood, additions were made in the cloud observations, 
certain modifications were made in the telegraphing of 
pressure changes, and last but most important, reports 
of wind direction and velocity in the free air were added 
from pilot balloon and kite stations. 

In Europe, where the doctrine of ‘‘fronts’”’ has received 
most attention and support, and has reached its greatest 
development, the several countries have since the war 
augmented considerably the amount of data telegraphed 
in the matter of ‘‘present weather’’ and “‘past weather.’ 
If we in the United States are to profit most fully from 
our increased knowledge of the dynamics of the atmos- 
phere, fuller information than is now available must be 
secured. 

As regards the distribution of stations, it is obvious 
that over the West they are entirely too scattered to 
make possible a reliable analysis of the fronts. The 
topography, which is extremely irregular, not only 

ects but in many cases actually determines the move- 
ments of the fronts, and a network of stations at least 
as dense as that over the East is necessary for even a 
rather crude analysis. The constructions given on our 
maps must therefore be regarded not as final solutions 
but merely as indications of the most probable positions 
of the fronts. 

In carrying out this study, the kite data have proved 
extremely valuable for the determination of the extent 
and the actual properties of the different air masses. 
It seems highly advisable, therefore, that they be made 
available regularly for forecast work. For that purpose 
they ought to be telegraphed daily, if possible twice 
daily, to the different forecast centers. The morning 
kite flight can not be made available to the forecaster 
in time for his morning forecast work, but would prove 
extremely helpful in issuing cold wave or storm warnings 
in the afternoon, and also for the regular evening 
forecasts. 

The beginner especially is very apt to discuss the fronts 
in a schematic way, neglecting to consider the relative 
strength of the fronts, in other words, the potential 
energy available for transformation into kinetic energy. 
A proper estimate of this is only possible if upper air 
temperatures are taken into account. 
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Furthermore, in the forecasting of cyclonic convection 
of the kind described in Section IV, the use of kite data 
is almost indispensable. A kite flight from Groesbeck 
or Broken Arrow, combined with a few pilot balloon 
runs and surface data from the Gulf region, can tell how 
much of a relative displacement of the different air layers 


is necessary to produce instability and free air convection. - 


The surface observations in the United States are not 
so detailed as in Europe where, since the war, forecasting 
methods in practically all countries demand very specific 
and detailed information. In the United States the 
time interval between consecutive maps is 12 hours, 
which is too long, especially in the case of rapid develop- 
ments and rapid movements. An intermediate pressure 
ae say at 2 p. m., would be of much assistance. 

he element which has perhaps proved most valuable 
in tracing the fronts is the barometric tendency or the 
pressure change in the 2 (in Europe 3) hours precedin 
the observation. According to the new internation 
code now used in Europe this element is given by two 
figures, the first (the characteristic) giving a description 
of the eral form of the pressure curve (for instance, 
first falling, then stationary), while the second gives the 
total amount of the pressure change. The “character- 
istic’’ has proved of great value for the determination of 
the exact positions of the fronts since, as pointed out 
in Section Il, the warm and cold fronts generally are 
associated with typical forms of pressure curves (cold 
front: first falling or stationary, then rising; and warm 
front: first falling, then stationary). The necessity of 
introducing the characteristic on the American weather 
maps as one of the principal elements can therefore not 
be too According to the system 
now in use in United States, pressure changes smaller 
than 0.04 inch are not telegraphed. It is suggested that 
this limit be lowered to 0.02 inch since the characteristic 
tendencies accompanying weak’ or occluded fronts are 
generally very small. 

The weather at the time of observation is according 
to the new international code given by two numbers, 
making it possible to diatingoial between 100 different 
types of weather. A closer study of synoptic maps 
soon shows that the different fronts and sections of the 
cyclones are characterized by very well-defined weather 
types as a rule. This elaborate scale has therefore 
become a very important instrument in the analysis. 
Doubtless the five classifications now in use in the United 
States are entirely too few to meet the demands of the 
situation, although we should not necessarily suggest 
an increase to 100. Also some information concerning 
the weather between the observations would be of very 
great value. 

It is believed that the above study has furnished 
conclusive evidence that the polar front theory can be 
applied with great advantage to even rather complicated 
weather maps in the United States and that it enables 
us to explain phenomena which without a knowledge 
of the dynamics of the situation would hardly be under- 
stood. For instance, the rapid dissolution of the rain 


- belt over southern Washington and northwestern Idaho 
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on Map | as well as the corresponding disappearance 
of the rain belt on Map 4 over Oklahoma, Arkansas, 
and Mississippi can only be explained as the effects: of 
occlusion, a conception which in itself is a product of 
the polar front theory. iH 

It is not to be expected that a detailed analysis could 
be made of every map in the actual forecast work. 
However, a discriminating study of a number of typical 
weather situations, distinguishing the significant features 
of these types from the incidental, would probably 
enable the meteorologist to recognize these types after a 
brief survey of anymap. For that purpose the improve- 
ments in observational data pointed out above seem to 
be necessary. O19 
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February 16, 8 a. m. C.-G. R. & R. H.W. 


’ Area over which it is raining or snowing at the time of observation is shown by 
black stipple. 

Cold fronts are in double solid red lines, warm fronts in single solid red lines, 
and occluded fronts in broken red lines; temperatures and barometric tendencies 
in red figures (temperatures to left of station ). 

Barbs on arrows give wind force in Beaufort scale, long barbs indicating two 


units of force and short barbs one unit. 
Weather symbols used as follows: © clear, @ partly cloudy, @ cloudy, =fog, 


3 raining, % snowing, [& (in black) thunderstorm at observation, [% (in red) 


thunderstorm during last 12 hours. 
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Isobars, weather, wind arrows, and figures showing 12-hour precipitation given 


Area over which it is raining or snowing at the time of observation is shown by | a OS 
| Cold fronts are in double solid red lines, warm fronts in single solid red lines, Hi /| 
and oceluded fronts in broken red lines; temperatures and barometric tendencies | —, Bh) 
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Barbs on arrows give wind force in Beaufort scale, long barbs indicating two ‘ H}))) 
units of force and short barbs one unit. et i fii 
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Isobars, weather, wind arrows, and figures showing 12-hour precipitation given 
in black. 

| Area over which it is raining or snowing at the time of observation is shown by 
| black stipple. 

Cold fronts are in double solid red lines, warm fronts in single solid red lines, 
| and occluded fronts in broken red lines; temperatures and barometric tendencies 
| | im red figures (temperatures to left of station). 

Barbs on arrows give wind force in Beaufort scale, long barbs indicating two 
| units of force and short barbs one unit. 

Weather symbols used as follows: © clear, (} partly cloudy, @ cloudy, =fog, 
i} 3 raining, % snowing, [% (in black) thunderstorm at observation, [% (in red) 
| | thunderstorm during last 12 hours. 
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| _Isobars, weather, wind arrows, and figures showing 12-hour precipitation given 
| in black. 

| Area over which it is raining or snowing at the time of observation is shown by 

4 black stipple. 

| Cold fronts are in double solid red lines, warm fronts in single solid red lines, 
and occluded fronts in broken red lines; temperatures and barometric tendencies 
in red figures (temperatures to left of station). 
Barbs on arrows give wind force in Beaufort scale, long barbs indicating two 
| units of force and short barbs one unit. 
é Weather symbols used as follows: © clear, @ partly cloudy, @ cloudy, = fog, 
raining, snowing, [% (in black) thunderstorm at observation; [% (in red) 
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Isobars, weather, wind arrows, and figures showing 12-hour precipitation given 
in black. 

Area over which it is raining or snowing at the time of observation is shown by 
black stipple. 
ae Cold fronts are in double solid red lines, warm fronts in single solid red lines, 
| and occluded fronts in broken red lines; temperatures and barometric tendencies 
| in red figures (temperatures to left of station ). 

Barbs on arrows give wind force in Beaufort scale, long barbs indicating two 
| units of force and short barbs one unit. 

| Weather symbols used as follows: © clear, @ partly cloudy, @ cloudy, =fog, 
oo 3 raining, snowing, [% (in black) thunderstorm at observation, [% (in red) 
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Barbs on arrows give wind force in Beaufort scale, Jong barbs indicating two 


units of force and short barbe one unit, 


Weather symbols used as follows: © clear, ( partly cloudy, @ cloudy, = fog, 
3 raining, snowing, [% (in black ) thunderstorm at observation, [% (in red) 
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black stipple. 
Cold fronts are in double solid red lines, warm fronts in single solid red lines, 
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Area over which it is raining or snowing at the time of observation is shown by 
black stipple. 

Cold fronts are in double solid red lines, warm fronts in single solid red lines, 
and occluded fronts in broken red lines; temperatures and barometric tendencies 
in red figures (temperatures to left of station ). 

Barbs on arrows give wind force in Beaufort scale, long barbs indicating two 
units of force and short barbs one unit. 

Weather symbols used as follows: © clear, (} partly cloudy, @ cloudy, =fog, 
3 raining, snowing, 4 sleet, [% (in black) thunderstorm at observation, 
T% (in red) thunderstorm during last 12 hours. 
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odd Jo adi al GLACIAL ANTICYCLONES’” REVIEW +, 


wor 


William H. Hobbs; The, Glacial Anticyclones: the Poles of the 
Cireulation.””” Univ. of Mich. Studies; Sci. Series, 
TV, ‘xxiv-+- 198 'pp.,’ 53° figs., 3 "pls., index, bibliog. Mac- 
millan,; New York, 1926.) we BUDS. 
_.ssence, of Doctor Hobbs’ theory. of glacial. anti- 
cyclone.—1. Many features of the winds, character of the 
snow, and temperature changes indicate that several fixed 
ticyclones exist over the Antarctic. and Greenland ice 
2, Most significiant, is the centrifugal flow of.the cold 
surface air prevailingly down, slope, though deflected 
by. the earth’s rotation. Light. winds and calms prevail 
on the central flat. regions, but. the winds increase in 
velocity toward the margins, where they may attain 
great violence, The more or, less. constant. outward. 
sweep of the, winds,, the. “centrifugal broom”’, carries 
much of the inland snow from the higher slopes to- 
ward the margins or into.the, sea. 
8, The upper currents.stream at times toward the 
anticyclonic centers, carrying with them cirriform clouds, 
which apparently evaporate, in. the settling air over the 
108 domes. The moisture from these clouds as well as 
e uncondensed water vapor are.evidently the material 
for much, if not most, of.the,snowfall of the interior. 
The precipitation of this vapor normally occurs near, the 
cpHling surface without the intermediate formation of 
uds. 
4, The temperature of the lower air. closely depends 
on, that of the. surface. During, periods of calm. the 
snow or ice surface cools the atmosphere to a considerable 
height. Under the. influence of gravity this cold. air 
tends to flow down the slopes, giving rise to the blizzards 
of, the margins, with the downward acceleration of the 
wind the rate of warming by compression increases and 
ultimately exceeds the.rate of cooling by radiation and 
conduction. This. warming, automatically. stops the 
blizzard, and another calm period. sets in, during which 


‘the. cold air again accumulates,, Such is the apparent. 


mechanism of much of the weather on the margins of 
Greenland and Antarctica... 

_5. The central calm and, the downward and outward 
flow prevails apparently throughout the year and is not 


often interrupted by passing cyclones. Associated with 


these permanent, glacial anticyclones are permanent 

chiefly the Iceland cyclone and those in the 
eddell and. Ross seas., 

general circulation of the atmosphere. in high latitudes 

is. complete, and. intimately, related, to. the location, of 

ice domes and neighboring open seas. . 


_ It, has long been known that. over. a cold region air 


contracts and accumulates then spreads: outward. at 
the lower levels, and.that,cold air slides down a slope. 


Also, decades ago, explorers on, the ice cap of Greenland. 


had noted the down-slope winds. But the credit for 
first visualizing the circulation over ice caps as wholes 
collating a ie. wing of data from diverse sources, an 

erecting a worki ek tage of the glacial anticyclone 
belongs to Doctor Hobbs. Promulgated first in 1910 and 
1911 and presented in detail in 1915, this was taken nto 
the field by explorers of the continental ice sheets and 
was found adequate in its essentials. Doctor Hobbs’s 


1 Presented, in more extended and slightly different form in a symposium on Green- 

ion E o or vancemen 

Science, phia, Pa., Dec. 30, 


1926, 


[Clark University, Worcéster; Mass) 


Thus.itis:evident thatthe. 


book now presents these newer data, relating them to the 
conclusions gleaned from the older. 

» The book.—The opening portion of the book is occupied 
by an appreciative preface by Dr. H. R. Mill, followed. 
by, the author’s historical sketch of his theory, and a 
criticism of.early. views. of atmospheric circulation, 
including Ferrel’s. 

The body. of the work summarizes the early explora- 
tions of.Greenland and Antarctica, and what might be 
called. the second period of exploration of continental 
glaciers, all, fully. referenced. Here .is. interjected a 

etailed discussion of the characteristics of the glacial 
anticyclone. .. New material from the latest period is then 
added and correlated with the earlier conclusions. 

_ The glacial anticyclones are now placed in the general 
atmospheric circulation. Then glacial anticyclones of 
the past are outlined. Present opinion is criticized and 
problems for further research are mentioned in con- 
clusion. 

This. approximately historical treatment places the 
facts before us, to be sure, while references to further 
details are abundant. Indeed, this. volume has consid- 
erable value.simply as a reference book to polar explora- 
tion; during the past 100 years. But, after reading all 
the details, one Bains the impression that the author was 
more intent on blaming meteorologists for not generally 
recognizing glacial anticyclones and their importance in 
the general circulation than on marshalling the facts for 
the presentation of his theory point by. point. The 

lacial anticyclone has not enjoyed the reception it might 

ave had if Doctor, Hobbs had not failed to make his 
main points clear by befogging them with controversy, 
overpositiveness, and meteorological errors. | 

It. seems unfortunate that in presenting his theory 
Doctor Hobbs thought it necessary to discount Ferrel’s. 
The glacial anticyclone is an addition to the group of 
continental winds, which winds are not involved in dis- 
cussions, like Ferrel’s, of planetary circulation. Ferrel’s 
polar calms and outflowing surface winds are in accord 
with present knowledge, while observations during the 
past forty years have apprised us of the details of conti- 
nental interruptions to, the theoretical planetary circula- 
tion of the higher latitzides. 

A real enthusiast. claims more for his theory than the 
available facts appear to others to warrant. Under the 
heading ‘‘The. destructive cyclones of Europe sent out 
during the stroph of the anticylcone”’ (p. 153) Doctor 
Hobbs appears highly speculative: 

The great volume of air which pours out from the Greenland 
inland ice during the stroph of the antezalone, at the surface and 
in the lee of the ice cap, halts abruptly [?] just. at the contact with 
the migrating cyclones along the coast. At higher levels this in its 
outward movement must certainly upward within the adjacent 
migrating cyclones [ref. to Lockyer], and it must impart to them a 
vigor which near the ground will increase as they travel. 

‘We wonder if this can be so, and await the illumination 
that’ only observations ‘ean provide. “The climatic 
zones which are characteristic of the present age,’’ Doctor 
Hobbs says, “would appear to be due largely to the 
existing glacial anticyclones . . .” (p. 54). e can not 
admit this to be possible without implying that*the conti- 
nental glaciers in high latitudes could be formed if there 
were no cold zone, though it is true that, once formed, they 
should lower the temperature further, thereby accentuat- 
not creating, zonation. 

en a geologist writes a book on winds and weather 
it is not surprising to find a number of meteorological 
errors in it. Ice crystals of cirrus clouds descending over 
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the ice caps of Greenland and Antarctica are not likely ‘to 
melt before vaporizing, as Doctor Hobbs reiterates (pp. 
2, 52, 131). Latent eat can not further augment an 
elevation of air temperature (p. 131). To apply the term 
“vortex” to an anticyclone (pp. 34, 100, 127) 1s a misuse 
of the word. (Cf. “Meteorological Glossary”, Brit. 
M. 0. 225 ii, PP. 347-351, 1918.) Likewise, it is a misap- 
propriation of the term “‘eye” in meteorology to Speak of 


“Eye of glacial anticyclone” (fig. 18). ‘An intense’ 


cycione is said to have an eye when it has a qhatply 
limited central region more or less calm and clear. The 
author’s idea of a limited central area of descent appears 
to have been gained from an ingenious experiment in 
which, however, the coloring matter to show the stream- 
lines of descent over a cold dome was restricted to only 
a central portion of the fluid, thereby giving a fictitious 
semblance of limited circulation in a form suggestive of a 
vortex (Pls. IT and ITI, and fig. 18). 

Four important points still to be settled are—(1) the 
relative importance of the general low temperature and 
of the slope in the strength of the glacial anticyelone, 
(2) the nature and extent of the upper inflow of air ‘(3) 
the alimentation of the ice sheet, and (4) the locations of 
the permanent large high pressure areas in high latitudes. 

1. A snow or ice field at sea-level surrounded by 
open water would be marked by an anticyclone. But 
how strong would it be? Doctor Hobbs insists, on the 
other hand, that the slope of the cold glacial dome is 
responsible for the anticyclone over it. en we have 
enough surface and aerological observations, perhaps we 
can determine to some quantitative degree how much of 
the wind velocity of the “glacial” anticyclone is due 
solely to the slope over which and down which the out- 
flowing cold air travels. 

2. It seems to the reviewer that Doctor Hobbs’ idea 
of a distinct downdraft in the interior free-air portion of 
the glacial anticyclone is far too strong for what probably 
occurs over the exceedingly broad and apparently nearly 
level expanses of the interiors of Greenland and Antarc- 
tica. The amount of air involved in the downward and 
outward flow along the surface of the ice is small relative 
to the total air in the troposphere over the dome. It is, 
therefore, unnecessary to demand a well-defined inward 
flow and descent. Aerological observations in west 
Greenland do show a turning of winds with altitude till 
there is a slight average inward component of motion. 
But there appears to be no direct flow to the interior, as 
suggested by Doctor Hobbs, nor anything approaching 
an upper air cyclone, as some others demand for the 
formation of the precipitation. All balloon evidence 
seems to point to the Greenland anticyclone being essen- 
tially a ridge of high pressure extending nearly to the top 
of the troposphere. Cyclones greatly disturb this anti- 
cyclone, at times even wiping out the entire southern 
portion. 

3. The point in Doctor Hobbs’ theory, that has been 
open to perhaps the greatest criticism is his claim for anti- 
cyclonic alimentation of the ice sheet. . Nobody denies 
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there is precipitation in the far interior of the glacial 
anticlone; that is self-evident from the presence of the 
gl acier and the almost continuously outward-moving 
rift snow. The sticking point with:some critics is, how 
can precipitation occur in compressionally warmed de- 
sce nding air? In the interior of Antarctica temperatures 
bel ow — 75° F. have been observed, and) it is not unlikely 
that equally low temperatures occur in: the interior of 
Greenland, since Nansen experienced temperatures well 
under 40° F. below zero there even in September. ' There- 
fore, it is readily possible for air that has descended even 
4 or 5 kilometers onto the ice dome to yield frost or frost 
fog precipitation even if this air contained no condenséd 
vapor in the form of cirrus clouds before it descended: 
Explorers have found this type of precipitation to be 
common in the cold interiors of Greenland and Antarctica, 
It seems likely, however, that on the margins of the 
ice-dome the precipitation from ascending’ air is far 
greater than any frost fog, while in the cold interior, 
much drier in the absolute sense, the precipitation from 
ascent may fall behind that from chilling at the surface, 
the total drat the two causes together being greatest at 
the margins and least in the farthest interior. 
4. In the south polar region, the center or centers of 
highest pressure throughout the year are unquestionably 
over Antarctica. In the north polar region, however, 
there is some doubt whether the actual north pole of the 
air circulation of the globe throughout the year is over 
Greenland as Doctor Hobbs claims. In winter, there is 
the well known Me extension of the polar high pressure 
conditions into Asia and North America, while in summer 
high pressure conditions appear to be restricted to the 
Arctic Ocean and Greenland, with a reasonable possi- 
bility that, in addition to the apparent oe ressure 
center over or near northeast Greenland (Cf. Maria 
WeatuHer Review, 51:260); there may be one in the 
get unexplored areas north of Alaska and the Yukon. 
t seems that the general Greenland urGu is north of the 
latitudinal middle of Greenland where centered by Doctor 
Hobbs, being a compromise between the tendencies to 
high pressure both over Greenland and over the polar 
basin immediately about the North Pole. (Cf. Buchan’s 
charts, plate 13, in Bartholomew’s Atlas of Meterology:) 
Conclusion.—These questions will disappear as the 
facts become better known, and they do not involve the 
main points of the glacial anticyclone theory, of a more 
or less pulsatory prevailing outflow of air down the slopes 
of an ice-cap, with a necessarily compensatory inflow 
aloft, and the occurrence of precipitation all over the 
dome. Some of the miscellaneous errors noted will be 
corrected, and differences with meteorologists can be 
smoothed out, though it is not to be expected that all 
others will see so far reaching an importance nor so 
many ramifications of the theory as its keen and en- 
thusiastic proponent urges. As a full collation of polar 
wind observations relative to the glacial anticyclonic cir- 
culation, Doctor Hobbs’ monograph is an outstanding 
contribution to polar meterology. 
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NOTES ON FORMULAS FOR USE IN FORECASTING MINIMUM TEMPERATURE 


By E. 8. NicHous 


- [Weather Bureau Office, San Jose, Calif., Sept. 21, 1926) 


USE OF EQUATION OF HYPERBOLA IN FORECASTING FROM 
“ An examination of several dot-charts showing the rela- 
tion between relative humidity and departure of ensuing 
minimum temperature from the dew-point leads me to 
the conclusion that, in many cases at least, the equation 
of a hyperbola expresses the relation even better than 
does the parabolic formula often used. It is proposed 
herein to use the rectangular hyperbola with asymptotes 
arallel to the axes of coordinates of the dot-chart, 
faxing, therefore, the general equation, | 


where the point (a, b) is the intersection of asymptotes 
and K is a constant depending upon the form of the 
curve. For use in forecasting minimum temperatures, 
this equation is to be solved for Y, giving us 


| K. 
ye 


The values of the parameters, a, 6, and K, for any par- 
ticular chart can be computed easily by solving three 
equations obtained by substituting in our genera oes 
tion three pairs of values of X and Y taken for three 
selected points along the curve best fitting the plotted 
data (relative humidity as abscissas, departures of mini- 
mum temperature from dew-point as ordinates), drawn 
free-hand. The method of procedure is now illustrated: 
Figure 1 is a chart of this kind prepared from data for 
San Jose, California, for March during the period, 1914 
to 1925, inclusive, considering cases with clear skies at 
observation time in the morning. The points chosen for 
computing the constants of the desired equation are (15, 
24), (40, —2), and (70, —10), indicated by the letters 
A, B, and C, respectively, on the chart. Substituting 
ane three pairs of values in the general equation, we 
ave 
(A). (15—a) ( 24+b6)=K= 360—24a—156+ ab 
(B). (40—a) 2—b)=K=— 80+ 2a—40b+ 
(C). (70—a) (—10—6) = K==—700+ 10a—70b + ad 


Eliminating K, by equating its values from (A) and (B), 
and then those from (B)and (C),wehave 


(1). 26a—25b =440 
ban seine (2), 84—300 = 620 
Eliminating a from (1) and (2), we have, 6= —21.7 
Substituting this value in (2), we get, a= —3.9 
Substituting in (A), we obtain, K= 863.7 erg thie 
Then our desired equation is, using whole numbers for 
constants 


We may check this equation by substituting therein.a, 
value of either unknown taken from the curve, and com- 
paring the value of the other unknown thus computed 


with the corresponding value on the curve. . Thus, where 
X=26 we get, 


22 =6.8, 


which agrees with the value from the curve. Again, 
where X =46 we have, q 
Y= 22 4.7; 
which agzees closely with the curve. 

A similar equation may be derived for Grand Junction, 
Colorado, from Figure 7A on page 43 of Supplement 
No. 16 to the Monthly Weather Review. Take the 
three points (10, 34), (25,16), and (55,0). Then we have 


(A) (10—a) (84—6) = K=340—34a— 106+ ab 
(B) (25—a) (16—b) = K=400—16a— 256+ ab 
(C) (55—a) ( 0—b) = K= —556+ ab 


From which we obtain: a=—20, b=—24, K=1,800, 
and the equation, rs 
1,8 


When X is 40, e. g., this gives a value of 6 for Y, which 

ees closely with the curve. When X is 5, Y is 48, 

which agrees with plotted data better than the curve 
rawn. 

Taking Fig. 6, for El Paso, Tex., on page 11 of the 
same supplement: Choose the points (5, 50), (15, 25), and 
(35, 10), and we obtain: a= —7.9, b= —7.2, K=737.9, 
and our equation is, using whole numbers, 


738 

From this equation we compute the following pairs of 
values: X, 22, Y, 17.6; X,-10, Y, 34; X, 2, Y, 66.8. 
These values seem to fit the plotted data even better 
than the line drawn. | 

Again, taking Fig. 2 on page 528 of the Monthly 
Weather Review for October, 1922, minimum temper- 
ature prediction graph for Spokane, Wash.; choose the 
points (10, 30), (30, 10), (60, 0), and we have equations 
iving for a Value, —15, for b, the same, and for K, 


1125. The hyperbolic equation for this curve is, there- 


1125 


whichvagreds closely with the data entered on.the chart. 


ARRANGEMENT. FOR CONVENIENT COMPUTATION 


Our general equation may be adapted to logarithmic 
computation. Thus, by transposition, we have 


K 


Then, log (Y—b)=Log K—log (X—a). 
The following form of table may be used for convenience: 


4 

| 
| | 
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USE OF DOT-CHART IN FORECASTING 


It is well, in actual practice, to have at hand the 
original dot-chart on which the graph of the derived 
equation has been plotted, in order that, from ‘‘varia- 
tions in scattering of dots in different regions,”’ one ma, 
note “roughly what dependence may be placed on dii- 
ferent portions of the curve.’’' In fact, some may prefer 
to avoid the labor of computing the constants of an 
equation and to depend upon a curve drawn free-hand, 
as previously suggested in Supplement No. 16, already 
referred to; in this case it is unimportant whether the 
curve be of parabolic, hyperbolic, or other foym, since 
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Fig. 1.—Relation between evening relative humidity and departure of ensuing minimum 
temperature from the evening dew point at San Jose, Calif. (Based on data for March, 
1914 to 1925, inclusive, during clear weather) 


results will be taken directly from the graph, without 
computation. 


COMPARISON OF PARABOLA AND HYPERBOLA USED 


In some cases, the parabola and the pepecoats appear 
to fit the plotted hygrometric data equally well. me- 
times, however, the parabola whose constants have been 
derived fits well the main body of data but departs at 
either or both high and low values of relative humidity. 
These departures are due, directly and indirectly, largely 
to the recurvature that takes place at the vertex of the 
parabola. Thus, in the case of El Paso, considered above, 
the upper portion of the given parabola lies below the 
most of the dots (at low relative humidities), while re- 
curvature upwards takes place among the dots for the 
higher humidities (but still at comparatively low hu- 
midity values). But, if we change the form of the para- 
bola to conform to data in the upper portion, recurvature 
becomes sharper. 

In any case, taking the equation of the parabola in 
proper position to fit the data plotted as considered in 
these notes, we have, Y=a+b6X+cX?, where a, 6, and c 
are constants. Then the vertex of our parabola lies at 
the point where X has the value — 4% b/c, and recurvature 
upward takes place at this point (i. e., Y increases there- 

ter at an increasing rate, with increase of X), as may 
be shown by the methods of Calculus. Thus, differen- 


tiating, we get 
b+2cx 
dx 


slope of the curve. This, at the vertex is 0; then we have, 
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If this point be at or beyond the highest relative hu- 
midity value (X) used in forecasting, no harm is done. 

This (sometimes) objectionable recurvature does not 
take place in our hyperbola; this curve continues down- 
ward (with decreasing angle with the X-axis), at high 
values of X becoming approximately horizontal. 

The method employed above in deriving constants for 
hyperbolic equations is an adaptation of the ‘‘Star Point” 
method of Marvin and Smith which avoids (without 
sacrifice of useful accuracy, in this problem), ‘the tedious 
and laborious least square method.” ! 


THE DE- 
MAXIMUM 


PREDICTING MINIMUM TEMPERATURES FROM 
PRESSION OF THE DEW POINT BELOW THE 
TEMPERATURE 


In some cases, by considering the depression of the 
minimum temperature below the maximum temperature 
of the preceding day as a function of the excess of that 
maximum temperature over the dew point observed the 
same evening, we may obtain a chart or formula that 
will be useful in forecasting minimum temperatures. In 
the case of data obtained during the spring of 1926 at 
the fruit-district substation at Hollister, San Benito 
County, Calif., the results of this method have been 


Maximum sernperature rrirus evening dew-poitl (°F ) 
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Fig. 2.—Relation between maximum temperature minus evening dew point and maxi- 
mum temperature minus Cp: Goneng temperature for F , March, April, 
and May, 1926, at Hollister, Calif. (San Jose fruit district) , 


more promising than those obtained otherwise. Figure 
No. 2 herewith is a dot chart on which have been plotted, 
from the Hollister data, depressions of dew points below 
the maximum temperatures as abscissas and depressions 
of minimum temperatures below the maxima as ordi- 
nates. Cases with clear mornings are indicated by spe- 
cial symbols, and the straight line that appears to fit 
these cases best has been drawn free-hand; the equation 
of the line is Y=1.06X+10, where Y and X are the’ 
specified depressions of minimum temperature and dew 
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int, respectively. For all cases the straight line 
v 1.4X, has been drawn. Forecasting by this method, 
considering the scattering of dots'from the graphs, would 
be equally successful in clear or cloudy weather. 1K 
“It will be noted that’ this method is essentially a 
modification of my maximum-minimum temperature 
method (described in Monthly Weather Review Supple- 
ment No. 16 and elsewhere) by considering the effect of 
moisture in retarding cooling, 


THE TORNADO 
By W. J. Humpureys 
[U. 8, Weather Bureau, Washington, January, 1927] 


- The tornado discussed in what follows is the typical 
“twister” of the American prairies, and may be defined 
as a slightly funnel-shaped, or flaring, hollow, circular 
eolumn of upward-spiraling winds of destructive ve- 
locity. It is the most violent, least extensive, and most 
sharply defined of all storms. Its appearance and 
effects often have been described. There is no satisfac- 
tory account, however, of its origin: Hence it seems 
worth while to assemble the more common facts of observa- 
tion in connection with this type of storm, and to deduce 
therefrom whatever we can in regard to its genesis. 
These deductions, being something definite to prove or 
disprove, will at least help to fix one’s attention and 
thereby hasten, it is hoped, the ultimate solution of this 
difficult meteorological problem. 

Some of the normal, but not all of them invariable, 
circumstances of place and meteorological conditions 
connected with the occurrence of tornadoes are the fol- 
lowing, the more important, from the standpoint of 
this paper, being numbered with boldface type. 

1. Geographic location.—Central' and southeastern 
United States, chiefly; next, perhaps, southern Australia, 
though Griffith Taylor says, in his Australian Metear- 
ology, ‘“‘tornadoes are not common in Australia”; and 
several other parts of the world occasionally, except in 
general the tropical regions. The so-called tornado of 
tropical west Africa appears to be a violent thunder- 
storm of the squall ies The tropical waterspout is 
relatively mild, and of a more or less different origin. 

2. Meteorological location.—Southeastern section, or, 


more exactly, east of the wind-shift line, of a Low, or | 


cyclone, of moderate to decided intensity. : 

3. Kind of cyclone.—The trough or V-shaped, the kind 
productive of secondary cyclones, is very favorable, 
especially when the V protrusion points southward, or, 
more particularly, southwestward. . However, tornadoes 
occur also when this protrusion of the isobars is not con- 
a if indeed present at all, at the surface of the 

4. Other pressure distribution —A moderate anticyclone 
to the rear, that is, west or northwest, of the cyclone, 
appears to be an invariable ‘condition; but even if this 
pressure distribution be essential, as we believe it is, 
to the genesis of the tornado there is no proof of it from 
statistical evidence alone, since normally the extratropical 
cyclone has an anticyclone to its rear. | 

5. Surface pressure gradient in region of tornado.—Usu- 
= moderate to steep in comparison with the average 
cyclone. sd 
Horizontal temperature gradient——-Usually s 
slang @ portion of the border between cyclone and aed 
cyclone. oo aid | 

7. Previous wind.—Moderate to fresh southerly, often 

31688—27——-2 
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. 8. Following wind.—Moderate to fresh, northerly, often 
northwest. 

9. Previous temperature —At 8 a. m. 70° or over and 
increasing. 

10. Following temperature —Distinctly lower than just 
before the storm. 

11. Previous humidity.—Excessive—making the air, 
at its high temperature, sultry and oppressive, from 
hours to even days before. | | 
12. Clouds——Heavy- cumulo-nimbus, from which a 
funnel-shaped cloud depends. Sometimes this cumulus 
is isolated and very towering, but, when not isolated, 
onarens briefly to an hour or longer by mammato- 
cum 


13. Precipitation —Rain and usually hail 10 to 30 
minutes before; light precipitation. at instant of storm 
(funnel cloud often clearly seen and occasionally photo- 
graphed); deluge of rain, mixed at times with small 

il, shortly after. 

14. Lightning —Nearly, or quite, invariably lightning 
accompanies the tornado, but seldom, if at all, occurs 
in the funnel cloud. 

15. Sounds.—There always is a loud rumbling or 
roaring noise while the whirling pendant cloud is in 
touch with or even closely approaches, the earth. 

16. Direction of tornado wind.—Spirally upward around 
a traveling axis, and in the same sense as the accompany- 
ing cyclone—counterclockwise in the northern hemi- 
sphere. 

17. Horizontal velocity of wind in tornado——Unmeas- 
ured, but destructively great. 

18. Vertical velocity of wind in tornado.—Also unmeas- 
ured, but sufficient to ¢ up pieces of lumber and 
other objects of considerable weight—say 100 to 200 
miles per hour. 

19. Location of initial and sustaining whirl—Above, 
probably close above, the general cloud base. 

' * elocity of storm travel—Usually 25 to 40 miles 
per hour. 

21. Length of path—Anything up to possibly 300 
miles, usually 20 to 40 miles. 

22. Direction of travel.—Roughly parallel to travel 
of the center of the general or cyclonic storm, hence 
usually northeastward. 

23. Width of storm—Anything from 40 to 50 feet 
up to; rarely, a mile or even more, but averaging around 
1000 feet. Many are only 500 to 600 feet across and 
others, as stated, even much less. 

24. Number.—Usually several, often in groups, in con- 
nection with the same low-pressure system, and on the 
same day. 

25. Tume of year—Mainly spring, and early to mid- 
summer, but occasionally also at other seasons. 

mm Time of day.—Usually midafternoon, or 3:00 to 
5:00 p. m. 

ju the foregoing meteorological conditions are inferred 
from observations at the surface of the earth, and not in 
the free air one or two kilometers above the surface, where 
the tornado seems to have its origin. Data from this 


obviously desirable upper level appear to be very scanty. 
However, through the kind assistance of the Climatolo- 


cal and the Aerological divisions of the United States 
eather Bureau, 26 cases were found where observations 
by sounding balloon or kite, or both, were made less, 
to much less, than six hours from the time of and nearer— 
some far closer—than 100 miles from, a tornado. These 
observations indicate (they are too few to prove anything) 
that) when tornadoes occur the wind, whatever its 


value at the surface, is strong (around 20 to 25 meters 
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per second or, say, 50 miles per hour) at the height of 
one to two kilometers. In some cases the direction of 
the wind is nearly constant throughout at least the 
lower two kilometers, the approximate depth explored. 
Sometimes it backs, turns counterclockwise, perhaps 30°, 
but usually veers at this height, roughly 45°. 

Mid-air temperature inversions appear to be quite 
common and the lapse rates next above these inversions 
very rapid, often nearly or quite of adiabatic value. 
In short, so far as one can infer from these few observa- 
tions, the atmosphere in the neighborhood of a tornado 
appears to be unusually stratified, and tending to become 
unstable at one or more levels. But we must remember 
that even these observations, the best we have, were 
taken at distances too great to give reliable information 
about so very local a disturbance as the tornado. They 
may be suggestive in this connection, but they are not 
conclusive. 

As implied, several of the above circumstances and 
meteorological conditions are only usually, and not 
invariably, associated with the tornado, nor perhaps 
are they all that have any importance in respect to its 
genesis and maintenance. Nevertheless, they are among 
the more conspicuous and sufficient, it would seem, to 
restrict explanations to those that contain elements, at 
least, of the truth. 

a. Since the linear velocity in whirls frictionally 
created between passing currents, whether liquid or 
gaseous, cannot exceed that of these currents relative 
to each other, it follows that the tornado, whose winds 
far surpass this limiting value, is generated in some way 
that is not purely mechanical. 

b. The only other way by which vortical motion is 
produced naturally in the atmosphere is that of drawi 
closer together, through ondien convection, masses 0 
air the algebraic sum of whose angular momenta about the 
center of that convection is greater than zero, whether 
positive, rotation in one sense, or negative, with opposite 
rotation. Here the Principle of Conservation of Angular 
Momentum, or conservation of areas, is operative, by 
virtue of which the linear velocity, except as reduced 
by friction, so increases as the distance from the center 
decreases that the product of this distance and the 
velocity is a constant. 

In this way, and.in no other, persistent whirls in the 
air of great linear velocity can and do occur naturally 
where the interference, frictional and turbulent, is quite 
small. That is, in the free air, from where they may, 
and often do, feed down to the surface. 

c. The production of a violent whirl in the air, through 
the conservation of angular momentum, requires (1) a 
central or localized vertical convection at the level at 
which the whirl begins; and (2) that the currents drawn 
into the ascending column have initially either different 
directions, or different speeds if originally in the: same 
direction. Local convection does not produce rotation 
in still air, nor in wind that has the same direction and 
speed throughout except, in each case, to the slight ex- 
tent caused by the rotation of the earth. The ordi- 
nary dust whirl is induced by convection over a surface 
across which the flow of air is so disturbed as to miss the 
center of convection and start a spin. This spin ma 
be in either sense, clockwise or the contrary, from whic 
it follows, as also from other considerations, that the 
dust whirl and the tornado, which always turns in the 
same sense, are radically different in origin. 

d. Kite, and cloud observations all 
show that the winds one or two kilometers above the 
surface are moderately swift in the neighborhood of a 
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tornado, and increased over the surface winds more than 
commonly is the case at that level. These observations 
also indicate that the rapid velocity increase frequently, 
at least, begins at some intermediate level. where a 
greater or less change in direction also usually occurs. 

We infer, therefore, that there are adjacent, pre- 
sumably superjacent, currents of air of different sources 
where and whenever tornadoes are likely to occur. , 

e. From the rather common occurrence. of the. mam- 
mato-cumulus cloud shortly before the development of 
a tornado, it would seem that at the level at which this 
storm originates there is a superjacent wind cold enough 
to be unstable with reference to the air just below it. 
From this fact, and from the approximate to full adia- 
batic lapse rates that have been found at such times at 
the cloud level, we infer that on these occasions vigorous 
convection might be expected—started by gravity 
instability and intensified by vapor condensation. Fur- 
thermore, from the lightning that accompanies. the 
tornado we are sure that there then is strong convection 
within the clouds, and from the hail that so frequently 
falls well to the front of a tornado it is evident that the 
convection is up to pet heights and into strong winds. 

Now, the southerly winds over the lower and. mid- 


Mississippi Valley, especially, often have rather small — 


lapse rates, very much less than the adiabatic, and 
therefore are comparatively stable, or difficult to upset 
convectionally. Over such lower air an upper wind 
might blow, sinking down only to that level at which its 
adiabatic warming brings it to the temperatures of the 
under air at that same height. Presumably, then, in 
this region the mid-level winds of the southeastern por- 
tion of an anticyclone to the west or northwest may 
flow out over a lower stratum of southerly winds be- 
longing to the adjacent cyclone. In this case there 
would be a cold front, or squall line, in mid-air, a kilo- 
meter, perhaps, above the surface, with a shift of wind 
djrection similar to that which under otherwise like cir- 
cumstances occurs at the ground when the anticyclonic 
air extends to the surface, as it usually does. 

When the cold front is along the ground the slope of the 
under surface of the anticyclonic wedge, in the direction 
normal to this front, is very gentle—a rise of one or two 
kilometers, say, in a hundred. This condition is due 
largely to the fact that the velocity of the air near the 
surface is much less than that at a considerable height, 
owing, of course, to turbulence and surface drag. Along 
the mid-air cold front, however, the slope between. the 
two wind systems, the cyclonic and the. anticyclonic, 
presumably is much steeper, as there is no excessive 
me at a strata interface. cH 

If now, as seems certainly possible, a cold front should 
occur some distance above the surface of the earth, it 
is probable that local convections would develop here and 
there along it, much as, under similar circumstances, they 
do along the squall line. Owing, however, to the steeper 
ascent of the interface between the two wind systems 
there would be this difference: Convection from the 
ground, the usual case, would be of overrun or entrapped 
masses of the warmer and humid cyclonic air up through 
the anticyclonic air above, and would not produce much 
vorticity no matter how different the directions of the 
two systems of winds. On the other hand, local convec- 
tion on a mid-air cold front could be between the two wind 
systems (their interface being steep, as explained) and 
consist of roughly equal parts from each. 

This convection would produce rotation at cloud level, 
at least in those cases in which the cyclonic winds. had a 
strong southerly component and the anticyclonic, at. the 
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same height, a considerable northerly component. Such 
winds, if both are being carried bodily with the same 
velocity, as may be the case, eastward, or, for that matter, 
along any other course (the principle is general), might 
differ in direction over the surface of the earth, that is, 
as*seen from the surface of the earth, by almost any 
angle from 0° to 180°, as determined by the values of 
their north-south and east-west components, and yet, with 
reference to each other, have exactly opposite directions— 
be flowing beside and past each other at the same level. 
In this case they would tend to develop swirls along 
their more or less vertical interface, of the nature of min- 
iature secondary cyclones, after the fashion of the greater 
Finer along any polar “front.” In either case, that is 
whether convection were of the squall-line type, or started 
by a swirl like a miniature cyclone, if the air of the major 
or great cyclone were very humid, and it always is where 
tornadoes develop, the heat liberated by the incident con- 
densation would increase the convection and consequent 
spin. This spin, in turn, would drag in the air from lower 
and lower levels until under favorable circumstances, 
particulariy the existence of a rather et lapse rate in 
the lower air, the surface of the earth was reached. 
Furthermore, since the rotation of the earth requires the 
southerly wind to lie east of the northerly, this spin has 
always to be counterclockwise in the Northern Hemi- 
sphere and clockwise in the southern. 
_ Where the two streams, cyclonic and anticyclonic 
are drawn together, presumably at or about the clou 
level, the velocity of the whirling wind tends to follow 
the law of the conservation of areas, or to be inversely 
roportional to the radius of curvature. At lower 
evels, however, where the spin is the result of a dr 
from above, the decrease of velocity with increase o 
radius appears to be much more rapid. Indeed the 
path of destruction shows so little shading off that 
generally it is described as bene sharply defined, a 
condition that proves.the wind velocity to drop off ex- 
oomeey, rapidly with increase of distance beyond this 


undary. 

A familiar detail of the tornado is its pendent, funnel- 
shaped cloud, caused, as is well known, by the dynamical 
or expansional cooling of the air under the decreased 
pressure within the vortex. This decrease of pressure 
causes houses, in a measure, to burst open as the tornado 
passes over them. However, it is not very great, probably 
of the order of one-tenth of an atmosphere, as is readily 
computed from the apt of the vortex and the rapid 
decrease of velocity beyond the pee of destruction. 

The spinning air constitutes a dynamical wall that 
keeps the outer atmosphere from getting into the region 
of lower pressure. mi 

~The above, or something more or less like it, appears 
to be the physical explanation of the origin of the tornado. 
But if so, why then, one asks, are tornadoes so much 
more frequent in the central Mississippi Valley than 
elsewhere, and why most frequent there in the spring 
of the year? Because there, and especially at that 
season, certain of the conditions listed above are best 
developed and most frequent; such as very humid 
southerly winds (having come from over the Gulf of 
at a strongly encroaching anticyclone to the west 
or northwest, and the formation of a mid-air cold front. 
Why also, one further asks, does the tornado rarely occur 
in tropical countries? Because, as explained above, it is 
& joint product of cyclone and anticyclone, one of which, 
the anticyclone, is there practically unknown. 

_ A complete discussion of the tornado ecg would 
ivolve the liberal use of vortex equations. But the 
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data necessary to sucha discussion are not avaliable, 
nor is thetheory of the vortex in viscous fluids sufficiently 
devoloped to be readily applicable to this case. 


‘THUNDERSTORMS AT LANDER, WYOMING 


By McLain 8. Cottom 
[U. 8. Weather Bureau Office, Lander, Wyoming] 


_ The mountainous topography of the Lander district is 
exceptionally favorable for the occurrence of convectional 
thunderstorms, and of the recorded storms fully 80 per 
cent appear to have been of this class. 

During the 20-year period 1906-1925, inclusive, a total 
of 408 thunderstorms occurred at or close to the Lander 
station. A graphical representation of their diurnal dis- 
tribution indicates that 75 per cent occurred from 11 
a.m. to 7 p. m., 14 per cent from 7 p. m. to midnight, and 
11 per cent from midnight to 11 a. m., and that. the hour 
of greatest frequency was from 2-3 p. m., with 51 storms, 
or 12 per cent of the total number. July was the month 
of greatest frequency, with 26 per cent of the total, and 
June a close second, with 25 per cent; for December, 
January, and February not a thunderstorm was recorded. 

The storms, as a rule, develop over the mountainous 
region a few miles from the station. They are frequently 
intense, but in most instances the greater portion of their 
energy is expended in the mountains; intense thunder- 
storms over the adjacent valley are exceptional. Of the 
storms of record 81 per cent were classed as light, 14 
per cent as moderate, and but 5 per cent as heavy. 

The prevailing movement was from the southwest, 43 
pee cent moving from this direction; 19 per cent moved 

om the west and 18 per cent from the northwest; or, in 
all, 80 per cent from a westerly (mountain) direction. 

Strong winds accompanying the thunderstorms were 
exceptional. A maximum velocity of from 30 to 40 
miles an hour occurred in 14 instances during the 20-year 
period; but 5 storms were attended by a wind velocity in 
excess of 40 miles an hour. 

Hail attended but 11 of the 408 storms. In all instances 
the fall was light and except in a few instances caused no 
damage to tender vegetation. 

The thunderstorms of the Lander region are important 
as factors in both the starting and stopping of fires on the 
Washakie National Forest. Here the season of greatest 
hazard (the season which, on account of relatively high 
temperature and low humidity, most favors extreme dry- 
ness of timber and duff) extends normally from about 
mid-June to September. It is during this season that 
thunderstorms are most probable. Approximately 10 per 
cent of ali fires that have occ on the Washakie 
Forest have been caused by lightning; but the spread of 
the fires has been limited by the amount and duration of 
the precipitation attending the storms. During the 
20-year period under consideration 55 storms, or 13 per 
cent of the 408, were recorded as ‘‘dry’’; 275, or 67 per 
cent, gave a trace to 0.10 inch precipitation; 48, or 12 per 
cent, 0.11-0.25 inch; 19, or 5 per cent, 0.26—0.50 inch; 
and 11 storms, or 3 per cent, gave precipitation in excess 
oi 0.50 inch. 

The average height (base) at which thunderstorms 
pass over the Lander station, computed from the two 
constants—adiabatic rate of cooling and rate of lowering 
of the dew point due to expansion—for a limited series 
of observations was found to be 2,896 feet. 

The average rate of movement of the storms selected 
for special observation, computed by ratio, was 24.6 m.p.h. 

Owing to the limited number of thunderstorms which 
could be observed for determining the foregoing values, 
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these values are questionable; however, since only storms 
that were considered to be representative were chosen 
for special observation, it is believed that the values are 
reasonably approximate. 

Following are detailed tables of all thunderstorms 


that have been recorded at the Lander station for the — 


20-year period 1906-1925, inclusive. 
TABLE -1.—Diurnal and annual. distribution of thunderstorms 


Lander, Wyo. 
A.M. P.M. 
Total 
January_....-. None. 
1 2) 3} 4) 8) 5) 3) 3) 1) 1) 102 
i| 7/13) 7) 8| 9113) 5] 6| 3] 1) 
1)--| 2) 2) 1) 2) 1) 610113) 8) 6) 5) 3) 2) 1) 2) 4) 
11 1} 2] 3] 4] 4) 7] 6} 1) 1) 42 
31 ‘ 3 7/3 113 7 1189144 30 9} 8 408 
TaBLe 2.—Number of thunderstorms in three classes according to 
severity 
» |B 5 
0| 1/12) 77| 8 | 1; 1) 0} 820) 81 
0} 0} Oo} 7) 19) 3] O} 50! 14 
0} 0; 4} 6) 8] 5) 2] 0] 5 
Total........-- 0} ©} 14/49} 102 | 105] 91) 3} 408} 100 
Tasty 3.—Number of thunderstorms from different directions 
> 
> 
= GIS 
al: 0); 5] 7} 4] 2] Of Of 10] 5 
0} 0} 2) 3] 8]. 0] 1] «4 
0] 0} 2] 8] 2] 3).24 0] 0j 12] -3 
Southeast... 0} 0} 1) 21 2) 0} 3} 14-0} 0} 12} 
0| O| 5] 2] 2] O] 0} 10). 
Southwest... 0} 6/24) 52] 40/36/17) 2] O| 0/177) 4 
uch 0} 0} 0} 1] 5} 20) 25) 23) 4] 0] 0} 78] 19 
0} 0} 1] 9] 15] 17) 20/11] 0} O| 7} 18 
Total......---- 0} 0) 1] 24) 40) 102 | 205 | 42.) 3) 408 | 100 
Tasie 4.—Number of thunderstorms, “dry,’’ ' and with precipitation 
ale 
T.-0.10 inch. 1) 10| 36) 70) 61) 65/30) 1] 1) 0} 67 
0.11-0.25 0} 2) 7) 12) 1/34} 0} 48] 12 
.50 inch. 0} 0, 0} 3) 6| 6] 1] 2] 1] 0} 19] 5 
Over 0.50 inch... 0} Of 2] 3) 38) 8] O| 
Total........--| 0 202 105 | 91 | 42/ 1| 0 | 408 | 100 


Ba te ” thunderstorms listed were storms that passed directly over the station 


Decemser, 1926 
THE WEATHER OF 1926! 


A summary of weather conditions in the United States 
for the year 1926 shows that, for the country as a whole 
no marked unusual features as affecting agricultur 
interests were experienced. Conditions were rather un- 
favorable for development of some of the major crops 
but were ogee bl avorable for others, with the general 
result as to yields satisfactory. More than half the 
country had for the year less than normal precipitation 
more than normal warmth, and a longer than no 
growing season. 

The winter of 1925-26 had about normal temperature 
in all Southern States and in central and northern dis- 
tricts east of the Mississippi River, but was unusually 
mild throughout the Northwest. No low temperature 
records were broken; in fact, Runoushons practically all 
of the country the lowest reached during the winter 
ranged from 15° to as much as 50° above the previous 
low record. Precipitation was below normal over the 
greater part of the coun The spring season was 
generally cool and backward in much of the South and 
rom the middle and upper Mississippi Valley eastward, 
but there was considerably more than normal warmth 
over the Northwest and quite generally west of the 
Rocky Mountains. Precipitation was heavy in the 
Southwest, but ranged from about normal to considerably 
below in other sections. 

The summer had approximateiy normal temperature 
over the eastern half of the country and above normal 
over the western half. Precipitation was unevenly dis- 
tributed, most sections east of the Mississippi River 
having more than the normal amount. For the fall 
season the temperature averaged slightly above normal 
in the South and generally so west of the Rocky Moun- 
tains, but somewhat below normal in most of the central 
valley and more northern States; precipitation was 
mostly light in the South and heavy in northern districts. 


YEAR GENERALLY WARMER THAN NORMAL 


Chart I (A. J. H.) shows that the temperature for the 
ear, as a whole, was below normal from the Mississippi 
iver eastward, except in parts of the south Atlantic 

area, and generally above normal to the westward. From 
the Ohio Valley northward and eastward the deficiencies 
in temperature were large, but in the South they were 
small, with more than normal warmth reported in parts 
of the area. West of the Mississippi River, except Liat 
in the Southwest, the year was bhnadiatls warm, wit. 
the accumulated Bits departures of temperature from 
normal in parts of the Northwest reaching more than 
1,000°, or an average of nearly 3° aday. Approximately 
two-thirds of the country had a year warmer than 
normal. 
_ In the Southwest and in most sections from the Mis- 
sissippi Valley eastward the year had more than normal 
precipitation, although it was rather scanty in parts of 
the immediate Gulf section and over considerable sections 
of the Atlantic coast area, as shown by Chart II (A. J. H.). 
The greatest deficiencies in the East occurred in parts of 
New England and in Virginia and the Carolinas, where 


1 Reprinted from Weekly Weather and Crop Bulletin, Jan. 11, 1927. 


4 
> 
we 
cn 
+ 
4 
| 
<4 
€ 


DecEeMBeER, 1926 


some stations reared only about three-fourths of the 
normal annual fall. On the other hand, some upper 
Mississippi Valley districts had from 25 to nearly 50 per 


_ cent more than normal amount. The yearly totals were 
_ also in excess of normal in the southern border districts 


of the West and in most of California, but were below 
normal quite generally from the central and northern 
Great Plains westward, except in a few local areas. 

little more than half the country had less than normal 


rainfall. 
Chart III (not reproduced) shows for the year 1926 


the departure from normal of the growing season, or the 
period between the dates of last Khilling frost in spring 


and the first in fal'. It indicates that this was somewhat 


shorter than usual in most of the South and in Atlantic 
coast districts, and also in some central northern States 
and locally in the far Northwest. In most of the central 
valleys the season of growth was somewhat longer than 
normal, and generally so over the West. The year had 
a longer than normal growing season in approximately 
60 per cent of the country. 

n the Atlantic States, there were 26 weeks warmer 
than normal, 25 cooler, and 1 exactly normal; 15 weeks 
with rainfall above normal, 30 below normal, and 7 just 
normal, with the annual precipitation 5.4 inches below 
normal. In the central area there were 29 warmer than 
normal weeks and 23 cooler than normal; 17 weeks with 
more than normal precipitation, 27 below normal, and 
8 just normal, with 
below normal. In the West, there were 35 weeks warmer 
and 17 cooler than normal; 15 weeks with more than 
normal precipitation, 29 with less than normal, and 8 
just Bennet, with the annual amount 0.3 inch above 
normal. 


the total precipitation 1.3 inches 
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THE YEAR’S WEATHER EFFECT ON CROPS 


Wheat came through the mild winter with no material 


harm which, together with the subsequent favorable 


weather, resulted in an unusually good crop of the 
winter variety; likewise the general absence of p Ras 
frost. was responsible for one of the largest fruit yields 
in the history of the ongaery and the widespread favor- 
able weather in the South gave an unprecedentedly 


large crop of cotton. Conditions were somewhat less 


favorable for corn, though the per-acre yield was only 
slightly below the preceding 10-year average, while heat 
and drought materially reduced the yield of spring wheat. 

The general result of the year’s weather effect on crop 
yields is indicated by the report of the Department of 
Agriculture showing the composite per-acre yield in 
percentage of the preceding 10-year average for the 
respective States. This indicates that the composite 
yield of all crops was below the 10-year average from the 
central Great Plains and lower and middle Mississippi 
Valley northward, slightly below in two South Atlaatic 
States and Nevada, and generally above normal else- 
where. Of the 48 States, 34, comprising approximately 
two-thirds of the area of the country, had a composite 
yield of crops above the 10-year average. 

Cloudiness.—A feature of the weather in northern 
districts, which also penetrated southward to include 
the middle Mississippi Valley, was the more than usual 
cloudiness. The annual average for the North Pacific 
Coast States, u per Mississippi Valley, upper and lower 
Lakes, and the § io Valley and Tennessee was more than 
6 on a scale of 0-10. 

The level of the Great Lakes in December, 1926, was 
higher than in the same month of 1915. ie 


TABLE 1.—Monthly and annual temperature departures, 1926 


: Aver: 
District January |February| March || April | May | June |) July. | August | || October | | || mont ly. 
Middle Atlantic. +0.9 +0.2 —3.4 —0.4 1: +1.3 +0. 4 —0.5 —0.9 
South Atlamtie. “03! 418) -O8] +04). +27) +19) +423], +02 
Florida +02] 709) +05) -10) 404) too) teal to2 
+1.8 —5.9 —2.3 —1.0 —0.3 —0.7 +1.3 +4.0 1.8 —3.9 +4.0 —0.2 
Ohio Valley and Tennessee... ........... —0.2 +2.2 —6.0 —5.0 +0. 2 —2.5 +0.1 +14 +2.8 +0.0 —3.0 —1.0 ‘0.9 
Lower Lakes... .....- % 3; —08 —4.9 —6.0 —2.3 —12 +1.0 —0.9 —0.2 —4.4 —2.1 
2.0 +2.4 —5.0 —4.7 —0.2 th —0.6 +0.6 —2.3 —2.6 —3.0),. 
North +12.0 +14.8 +3.6 +2,2 +4.6 2.7 +1.8 —2.6 +2.0 
+3. 6 +7.2 —4.2 +2.6 —3.4 +0.4 +1.3 —1.0 —3.8 
Valley. +4.3 +10.2 —0.9 —2.1 +4.6 —1.2 +1.1 +2.0 +0.9 —3.8 —0.9 +1.0 
Northern slo +5.4| +110 432] 442] +23), +21 
Middle slo +2. 2 toi —0.5 tas 3 —0.6 +0.7 
thern Plateau... 418] 426] +406]: 424] +20) 422) +26) 413 
Middle Plateau... +1.1 +4.9 +2.9 +5.2 aby 9 +5.3 5 +1.2 1.5 +2.7 +4.9 —0.9 +2.5 
Northern Plateati..- 413} +486) +59) 414] 444 408] 425 
North Pacific. +658 +28/ 487] 426] 200) +36] +445) +402] +33 
South Pacific +14 6 +52 3} +20] +03) 408) +20) +54| +24 
Umrrep States. 447] +20) +04} +10] +443] 400) +06 
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2.—Monthly and annual precipitation departures, 1926 

ated 
District January | February} March || April | May | June July | August October depar- 
the year 
—0.7 —0.7 -1.0 —0.7 —0.5 —0.4 —13 +1.7 +0.9 —0.5 —3.6 
Middle +0.0 +0.5 —13 —14 +0.2 +1. 2 +0.1 +11 +0. 4 —2.1 
+2.0 —0.6 +0.2 —2.0 +0.5 —0.4 —2.2 —21 —2.1 +0.3 —14 —8.8 
Florida +2.5 —-19 —0.2 —0.7 —0.2 —2.0 +2.0 +4.4 —1.0 +0.4 —0.9 —15 9 
+2.7 —2.5 +0.9 —1.2 —0,2 —0.4 —0,1 +16 +1.1 —0.5 +1.0 2.7 
+0. 4 +2.6 +0.7 +0.1 —0.8 +0. 6 —0.9 —1,4 +1.0 2.3 +1.4 
Ohio Valley and —0.1 —0.6 —-1.3 —0.9 —1.4 —1.6 +0.3 +2.5 +1.8 +1.8 —0.4 +2.0 +2.1 
Lower ob —0.5 +0.1 —0.4 +1.2 —0.3 +2,0 +2.8 Th +0.0 —0.6 +3.3 
—0.8 +0.4 +0.3 —v.7 —0.8 +0.1 —0.4 —0,2 +1.3 2 +1.5 —0.3 +0.6 
—0.1 —0.2 —0.6 —16 —0.6 -1.8 —0.7 —0.8 $1.5 —0.2 0.0 +0.0 —5,1 
U0 Mississippi Valley................ —0.4 —0.2 —0.4 —0.7 —16 —0.6 —0.1 +0.9 +5.0 +0.1 +11 —0.3 +2.8 
Missot +0. 4 —0.2 —0.7 -17 —1.8 +0.4 +3, 6 +0.7 +0.5 -0.1 —1.3 
Nerthern slope... i: —0.2 —0.3 —0.6 .0 +0.0 —0.1 +0.5 +0.3 —0.3 +0. 3 —0.2 —16 
Middle slo +0. 2 —0.3 +0. 2 —0.6 —1.8 —0.8 +0.3 —1.0 +2.1 +0. 3 —0.1 +0.5 
Southern slope... +0. 2 —0.8 +1.2 +11 —0.8 +0.8 —0.1 —1.4 +0. 2 +1.0 —0.3 +17 +2.8 
—0.2 —0.5 +0.4 +0.8 +0.5 —0.2 —0.1 —0.3 +0.9 0.0 +0.4 +1.3 +3.0 
Middle Plateau —0.4 +0.1 —0.6 +0.3 —0.3 —0.3 +0.0 —0.2 —0.4 —0.5 +0.1 —1,7 
Northern Plateau —0.5 +0.4 —0.8 —0.6 —0.8 —0.2 —0.2 +0.9 +0. 2 —0.1 +1.6 —0.1 —0.2 
North Pacific.......... —1L4 +0.7 =3.1 —L8 —0.5 +1.1 —0.8 +0.7 1.1 —5.5 
+0.1 +1.6 —3.8 +14 —0.6 —0.4 +0.0 +0. 2 —0.5 +0.3 +4.2 —-18 +0.8 
—0.8 +0.9 —2.3 +4.2 —0.5 —0.1 +0.0 +0.0 —0.2 —0.4 +2.5 —0.4 +2.9 
Unirep STATES- +0.1 —0.1 —0.6 —0.2 —0.7 —0.6 +0.4 +0. 6 +0.3 +0. 6 +0.0 —0.3 


NOTES, ABSTRACTS, AND REVIEWS 


Cc. G. ABBOT ON MONTEZUMA PYRHELIOMETRY'! 


Doctor Abbot has kindly consented to the advance 
publication by the Weather Bureau of the results of 
pyapationetaio observations made at Montezuma, Chile, 
rom August 3, 1920, to April 30, 1926. 

This advance publication is made in order that these 
important direct data of solar radiation may be available 
for study by meteorologists and other scientists at the 
earliest practicable moment. The 2% pages cof text 
recite simply the means that were taken to secure accu- 
racy in the observations and the tabulation. The 12 
pages of data are not discussed. This supplement, 
owing to the very technical character of the material 
one is not for general free distribution to the public, 
ui copies may be had by students and others who wish 
to study the data on application to the Chief of the 
Weather Bureau.— A. J. 


W. PEPPLER “ON THE INFLUENCE OF THE FOEHN WIND 
AVERAGE TEMPERATURE IN THE ALPINE 


In a note on this subject (Met. Zeit., October, 1926, p. 
374) it is shown that at some distance from the Alps the 
foehn has already lost most of its effectiveness at the sur- 
face, but is still very important aloft. The diminishing 
effect at the surface with increasing distance from the 
Alps is shown by the considerably greater frequency of 
the foehn at Bregenz at the southeast end of Lake 
Constance, where the northward opening Rhine Valley 
forms the channel for an important flow of foehn winds, 
than at Friedrichshafen on the north shore of the lake, 
where well-marked foehns occur only five times a year 
at the most. ; 

An analysis of 69 cable-balloon ascents at Friedrich- 
shafen, made when anticyclonic, cold-air masses lay at 
the surface, showed with few exceptions the existence of 


1 Abbot, C. G., Montezuma Pyrheliometry, MONTHLY WEATHER REVIEW SUPPLE- 
MENT NO. 27, Washington, D. C., December, 1926. 


a warm foehn wind aloft overriding the cold lower 
stratum. For 52 such oceasions the mean departure of 
temperature from the normal at given elevations (above 
sea level) were as follows: 


Below 400 m. 500 m. 1,000 m. 
2.3° C. 3.1° 5.1° (max. departure). 


Above 1,000 m. the departures declined to 2° at 3,000 m. 
(28 observations). This places the maximum departure 
at 600 m. above the surface of Lake Constance. 

It is pointed out that this overrunning foehn should 
show an ameliorating effect on climate at elevations of 
some 600-800 m. in the Alpine foothills and even in the 
southern Black Forest; in this connection E. Wimmer is 
quoted as ascribing to the foehn the especially vigorous 

wth of the copper beech at these altitudes in the 
Feldberg area. 

The importance of the Alps as a barrier to the south- 
ward escape of cold-air masses, and hence as a primary 
cause of the failure of the foehn to be felt at the lower 
elevations far north of the mountains, is emphasized. 
The consequence is that the cold-air masses exert a com- 
pensating influence which more than offsets the tendency 
of the foehn to raise the mean temperatures at low ele- 
vations.—B. M. V. 


RETIREMENT OF DOCTOR DORNO 


Dr. C. Dorno has sent word that on October 1, 1926, 
he resigned the directorship of the Physical-Meteoro- 
logical Observatory at Davos. He founded the observa- 
tory and brought it to a position of unique eminence in 
its field. : 

His successor is Dr, F. Lindholm, who was long associ- 
ated with the elder Angstrém and who, previous to his 
present appointment, was State meteorologist in charge 
of the forecast division of the Swedish meteorological 
office.—B. M. V. 


I. 


A. J. H. 


Annual Temperature Departures (°F.) in the United States, 1926 
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SOLAR RADIATION AND THE TEMPERATURE IN THE 
CENTRAL ZONE OF CHILE 


(A note received from Sefior J. oe ow Director, Observatorio del Salto, 


El Salto Observatory has just completed a new scien- 


tific investigation of the relation between solar radiation 


and the annual march of temperature in the central 
zone of Chile. 

Two comparative studies are discussed, one on the 
solar radiation and temperature from 1905 to 1925, the 
= solar activity and the temperature from 1889 
to 1925. 

The conclusions reached in this work are of notable 
interest. It has been found that the minima of solar 
activity precede, without exception, minima of tempera- 
ture. On the other hand, the periods of intense solar 
activity coincide with the series of relatively warm 
years * * *, 
Moreover, in an earlier work of the Observatorio del 
Salto, entitled ‘“‘Solar Radiation and the Rains in the 
Central Zone of Chile from 1850 to 1925,” there has 
been found a clear relation between those two phenomena. 


Vv. BJERKNES ON THE THEORY OF SUNSPOTS 
(Reprint from Nature, December 18, 1926) 


An important contribution to the theory of sun spots 
and the sun’s general circulation is made by Prof. V. 
Bjerknes in the Astrophysical Journal, September, 1926, 
under the title “Solar Hydrodynamics.” For the details 
of the theory reference must be made to the paper in 
question, but a short outline of the main points may be 
given as follows. On the assumption that a sun spot 
is a vortex decreasing in intensity from the photosphere 
downward, their low temperatures are explained from 
general hydrodynamical and thermodynamical principles. 

The results deduced are in accordance with the accepted 
temperance of sun spots and the probable velocities 

f the gases involved in the vortex. A preliminary 
account of this part of Bjerknes’s investigation was given 
in Nature, March 27, page 463. The well-known prop- 
erties of sun spots (their usual occurrence in pairs having 
opposite magnetic polarities, the progression of the spot 
zones toward the equator during the 1ll-year cycle, the 
magnetic-polarity cycle of 22 years, etc.) are explained 
by making the following suppositions. In each of the 
sun’s hemispheres, northern and southern, there are two 
zonal vortices having opposite rotations and surroundi 
the sun approximately as parallels. Wherever part o 
either vortex rises and cuts the photosphere, a typical 
bipolar pair of sun spots makes its appearance. As part 
of a scheme of general circulation, these two zonal vor- 
tices revolve around each other in a period of 22 years, 
being brought alternately near to the surface of the 
photosphere in latitudes about 40°, progressing equator- 
ward in the course of 11 years, and descend 
into the interior near the sun’s equator. The scheme of 
general circulation is one demanding a condition of what 
is known as stratified circulation. 

Renewed investigations are required on the part 
of observers to determine any possible systematic move- 
ments which may be shown by sun spots, faculz, calcium, 
and hydrogen flocculi, and prominences. The systematic 
drifts suggested by the theory are apparently too slow to 
be observed spectroscopically (cf. Astrophysical Journal, 
32, 80, 1910, where St. John compares the mean wave 
length of K, and K; near the sun’s poles and at the 
equator for detection of systematic movements). 


ing again 
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Professor Bjerknes’s paper is also discussed, a ag 
with remarks bearing on the question of observed sys- 
tematic motions of spots and facule, by ““W. M. H. G.” 
and “H. W. N.” in the Observatory for December. 


THE BRUCKNER CYCLE IN THE UNITED STATES 


Author’s abstract of a read before American Meteorological Society, Philadelphia 
meeting, December, 1926) 


By Aurrep J. HENRY 


The Brickner cycle of climatic changes, so called from 
its discoverer, Dr. E. Briickner, postulates that groups of 
cold and wet, warm and dry years succeed each other in 
a cycle or period having an average length of 35 years; 
the length of the period, however, may be only 20 years 
or as many as 50 years. One half of the period tends 


to be cool and rainy, while the other half tends to be 


warm and dry. 

The range from low to high temperatures is small, on 
the average not more than 1° C. (1.8 F.), as shown by 
five-year averages of the annual mean temperature. 

The range in rainfall from wet to dry years, and vice 
versa, is ins small, not to exceed 10 per cent above or 
below the mean—five-year averages considered. 

Briickner reached his results from a consideration of 
five-year averages of temperature and precipitation as 
recorded at 321 stations scattered over the globe, most of 
which, however, were in Europe and North America. 
He also considered changes in the level of the waters of 
inland seas, lakes, and rivers, the time of grape harvest 
in Europe, the advance and retreat of glaciers, ete. 
From all of these different lines of evidence he concluded 
that a cycle of 35 years on the average best fitted the 
evidence. 

Since a great many more meteorological stations are 
now in operation than in 1890, when Briickner published 
his results. I have recomputed the five-year averages of 
precipitation for the United States, 1826 to 1920, inclu- 
sive, with a view to determining whether or not the 
oscillations therein agree with those scheduled to occur 
in a 35-year cycle. In 1923 I computed and published 
the annual mean temperature for the United States as a 
single geographic unit for each year of the nineteenth 
century. 

The results of an examination of these data show that 
both temperature and precipitation oscillate up and 
down in an irregular manner, but on the average in 
intervals of 7 to 10 years, counting from maximum to 
Maximum or minimum to minimum. In extreme cases 
the interval may be as long as 22 years and longer if one 
considers only the changes of great amplitude; there is, 
moreover, a lack of uniformity in the distribution of 
warm and cold, wet and dry years which increases as 
the area under consideration increases. 

Dry years are much more frequent in the United 
States, and doubtless other countries, than wet ones. 
Abundant rains were quite general in all parts of the 
country in the early eighties; since that time, although 
heavy rains have occurred in parts of the country, as in 
the Ohio Valley in 1913, the lower Missouri Valley in 
1903, 1915, and again in September of the current year, 
there have been no uniformly wet years in this country. 

The known distribution of precipitation the world over 
teaches us not to expect years of heavy rains concurrently 
in all parts of the world, but rather that heavy rains may 
occur in the same year in widely separated parts of the 
world. The present year seems to have been one of that 
character. 


| 
| 
ib 
a 
| 
| 
| 
: 
| 
| 
4 i 
| | 
| 
| 
| 
| 
| a 
| i 
| 
| | 
| 
| | 
| 
+ 5 
| 
| al 
| 
| 
| 
‘ 
| 
| 
| 
| 
| 
| 
| 
4 
| | 


MONTHLY WEATHER REVIEW 


DrcemMBER, 1926 


METEOROLOGICAL SUMMARY FOR SOUTHERN SOUTH AMERICA, NOVEMBER, 1926 


By Sr. J. Bustos Navarrete, Director 
[Observatoriodel Salto, Santiago, Chile] 


November had a more active atmospheric circulation, 
which culminated in the development of great storms over 
the southern zone of Chile during the closing days of 
the month. 

Between the Ist and 4th a somewhat important depres- 
sion crossed the far southern part of the continent, causing 
rains in the south and as far north as the coast of Arauco. 
Daily precipitation did not exceed 10 mm. 

On the 5th the pressure rose, causing an important 
anticyclonic center over the south, with fall of tempera- 
ture and general fine weather until the 8th. 

On the 9th and 10th a strong depression crossed the 
far southern region, causing rains as far north as Valdivia 
and heavy snows in the region of Magallanes. 

From the 11th to the 19th atmospheric quiet reigned 
over the south, the center of high pressure frequently 


extending from Chiloe to the island of Huafo. However, 
during the 16th and 17th electrical storms developed in 
the interior of Biobio, Malleco, and Arauco Provinces and 
on Isla Mocha. These storms moved clear across the 
country. 

On the 20th began a period of bad weather in southern 
Chile. Between the 20th and 23d a depression crossing 
the far south caused rains as far as Valdivia. Between 
the 24th and 30th great cyclones followed one another 
across the far south, causing heavy rain and wind storms 
which lashed the entire region as far up as Concepcion 
Province. On the 28th in the early morning the wind 
velocity reached more than 1,000 m. per minute (37.1 m. 

.h.) at Valdivia. Precipitation varied on the average 
etween 10 and 30 mm. * * *—Transl. B. M. V. 
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SOLAR OBSERVATIONS 


SOLAR AND SKY RADIATION MEASUREMENTS 
DURING DECEMBER, 1926 


By Herserr H. Kimpatt, Solar Radiation Investigations 


For a description of instruments and ures and an 
account of the method of obtaining and reducing the 
measurements, the reader is referred to the Review for 
conn rr 52 : 42, January, 1925, 53 : 29, and July, 
1925, : 318. 


From Table 1 it is seen that solar radiation intensities . 


averaged slightly above the normal for December at 
Washington, D. C., and Lincoln, Nebr., and close to 
normal at Madison, Wis. 


Table 2 shows a deficiency for the month at the above- 


named stations in the amount of radiation received on a 
horizontal surface from the sun and sky. It also shows a 
deficiency at these three stations for the year, amounting 
to 1.7 per cent at Washington, 2.2 per cent at Madison, 
and 2.8 per cent at Lincoln. 

5 No t polarization measurements made on three days 
at Washington give a mean of 65 per cent, with a maxi- 
mum of 66 per cent on the 2d. These are slightly above 
the corresponding average values for December at Wash- 
ington. No sky polarization measurements were made at 
Madison, as the ground was covered with snow through- 
out the month. 


TaBLE 1.—Solar radiation intensities during December, 1926 


{Gram-calories per minute per square centimeter of normal surface) 
Washington, D. Cc. } 


| Sun’s zenith distance ~ 

a.m.| 78.7° |76.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° 75.7° | 78.7° | Noon 
Date 75th Air mass Level 

mer. solar 

time A.M time 

e 5.0 | 4.0 e 

mm.| cal. | cal. mm. 

Dee: 1, 1. 1,12 1. 88 
1, 0. 1,12 1,78 
3.99 
1, 0. 0. 97 1.07 

0.81) O 1.01 1.78 
3.45) 0, 0. 2. 87 

| 2.16} 0. 0. 84 1696 
Means. 0. 0. 1. 
+0. 04)+-0, 07/+-0, 04/+-0, 12 10|+-0, 06|-+-0, 

* Extrapolated. 


TABLE 1.—Solar radiation intensities during December, 1926-—Con. 
Madison, Wis. 


a 


Sun’s zenith distance 


a.m.| 78.7° | 75.7° | 70.7°| 60.0° | 0.0° | 60.0° woe | 752° 78.7° | Noon 


Date Air mass Local 
mean 


TABLE 2.—Solar and sky radiation received on a horizontal surface 


[Gram-calories per square centimeter of horizontal surface} 


Average daily radiation departure 
Week beginning— 
: Wash- | Madi-| Lin- Chi- | New | Wash-| Madi-| Lin- 
ington | son coln | cago | York |ington| son coln 
1926 cal. cal. cal cal cal, cal, cal, cal 
Wee; 82. 98 92 105 99 —48 —29 
40... .dgcmannde 118 123 183 93 78 —25 +0 +11 
115 78 141 57 105 —28 —49 —33 
116 128 190 67 85 —30 —4 +12 
‘Deficiency at end of year. —2, 135 |—2, 504 | —2, 908 
* 8-day mean. 


WEATHER OF NORTH AMERICA AND. ADJACENT OCEANS 


NORTH ATLANTIC OCEAN 
By F. A. Youne 


There was a great difference in the weather conditions 
over the western and eastern divisions of the North Atlan- 
tic during the month, as over the western section the num- 
ber of days with gales was either near or above the normal, 
the maximum number occurring in the 5-degree square be- 
tween the 40th and 45th parallels and the 55th and 60th 
meridians, where they were reported on tendays. East of 
the 30th meridian, however, there was a sharp decline in 
the number; reports to date have not shown more than 
three gales in any one square in this a, mr where anti- 
cyclonic conditions were unusually prevalent. 

_The number of days with fog was apparently con- 
siderably below the normal over the Grand Banks and 
slightly above over the middle and eastern sections of 
the steamer lanes, while it was observed on two days in 
the Gulf of Mexico. 


TaBLe 1.—Averages, departures, and extremes of atmospheric pres- 
sure at sea level, 8 a. m. (75th meridian), North Atlantic Ocean, 
December, 1926 


Average | Depar- 
Stations pressure | ture! Highest Date Lowest Date 
Inches Inch Inches Inches 

Julianehaab, Greenland.| ? 29.47 (8) 30. 54 28.71 | 6th 
Isle, Newfound- 29.74 +0. 04 30.48 | 5th...... 28.94 | 20th 

and. 
29. 91 —0. 07 30.46 | 5th... 29.44 | 29th. 
30. —0. 05 30. 52 | 5th...._. 52 | 29th. 
Hatteras................ 30. 13 —0. 01 30. 56 | i9th..__-. 29. 58 | 1ith 
Key West_............- 30. 09 0.00 30. 24 | 30th..._- 29. 94 | 12th.‘ 
New Orleans. --.-.-....-. 30. 13 +0. 01 30. 46 ee 29. 74 | 13th 
Swan Island__......_.-. 29. 91 —0. 30.00 | 30th 4. 29. 80 | 13th. 

30. 08 +0. 05 30.16 | 26th 4_ 30.00 | 2d.‘ 

30, 14 —0. 01 30.36 | 8th 29. 82 | 2d 
Horta, Azores. 30. 23 +0. 12 30.70 | 3d....... 29. 74 | 19th 
—— Shetland Is- 29. 99 +0. 27 30.96 | 24th_. 29. 22 | 17th 

ands. 
Valencia, Ireland ---_... 30. 43 = 45 30. 89 | 24th. 30. 07 | 4th 
30. 31 29 30.70 | 23d...... 29. 82 | 3d 


1 From normals shown on H. O. Pilot Chart based on observations at Greenwich 
mean noon, or 7 a. m., 75th meridian. 

2 Mean of 22 observations—nine days missing. 

3 No normal established. 

4 And on other dates. 


ALM. P.M. time 1% 
e | 50 | 40 | 3.0 | 20 | 20 | 30} 40} 50] e. 
mm. |°eal. | cat. | cat. | cat. | eat. | cat. | cat. | cat. | cat. | mm. .¢ 
Lincoln, Nebr. 
1,18 1.27-..-..| Lif, 106 
30........| 1,04} 1.16] 1.30).-...-| 1.16 1.02 
i 
| f 
= - | | 
i 
=. 
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The unusually large positive departure at the stations 
on the British Isles was due to periods of abnormally high 
pressure that will be referred to later. The lowest read- 
ing at Valencia was 0.13 inch above the monthly normal 
for that station. 

At the time of observation on the 1st, moderate condi- 
tions prevailed over practically the entire ocean. Later 
in the day, however, a depression appeared off the 
American coast that on the 2d and 3d was in the vicinity 
of Nova Scotia and Newfoundland, respectively. On 
the 2d, New York reported wind southwest, force 9, and 
on the 3d moderate to strong gales were encountered b 
vessels between the 35th and 45th parallels and 55t 
and 65th meridians. On the 4th the storm area covered 
the territory between the 40th and 50th parallels and 
the 30th and 45th meridians. From the 2d to 4th an 
area of low pressure was over the North Sea, where mod- 
erate weather prevailed, although on the 4th northwest 

ales were reported in the English Channel. 

On the 5th, St. Johns, Newfoundland, was near the 
center of a Low, while unusually high pressure prevailed 
off the New England coast, the barometer at Portland 
reading 30.70 inches. Sirong southwesterly gales, accom- 
panied by comparatively high barometric readings, were 
reported by vessels between the 40th parallel and New- 
foundland. On the same day there was a disturbance of 
limited extent and intensity in southern waters, as shown 
by report in table from the Japanese S.S. Keifuku Maru. 

The pressure then fell rapidly along the American 
coast, and on the 6th a well-developed Low was central 
about 200 miles south of Halifax, with heavy winds of 
various directions west of the 55th meridian, while 
westerly gales were also reported over the middle sec- 
tions of the steamer lanes. The northern disturbance 
moved slowly nortbeastward, and on the 7th was central 
near St. Johns, Newfoundland, while the storm area 
now covered the region between the 50th and 70th 
meridians, extending as far south as the Bermudas. 

On the 8th southerly gales prevailed over the steamer 
lanes between the 20th and 35th meridians, and north- 
erly winds, force 7, between the 30th and 40th parallels 
and 50th and 55th meridians. 

On the 9th St. Johns was again near the center of a 
moderate depression that moved rapidly eastward, and 
on the 11th was central near 50° N ., 40° W. On the 
11th there was also a Low near Hatteras; it increased in 
intensity as it moved northeastward along the coast, its 
center reaching the vicinity of Sable Island by the 12th. 

From the 9th to 11th gale reports were received from 
vessels in widely scattered positions, while on the 12th 
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the storm area was confined to the region between the 


30th and 50th parallels, west of the 45th meridian. 
During this period anticyclonic conditions prevailed 
over the eastern section of the steamer lanes, and on the 
llth barometric readings of slightly over 30.70 inches 
were recorded at stations in the British Isles. 

From the 13th to 17th there were no well-defined storm 
areas, although during this period reports of moderate 
gales were received from vessels in different sections of 
the ocean. 

On the 18th a shallow depression was over the west 
coast of Newfoundland that moved but slightly during 
the next 48 hours, although increasing in intensity, as 
on the 19th strong northwesterly gales prevailed between 
the 35th and 50th parallels, west of the 55th meridian, 
while by the 20th the storm area had contracted con- 
siderably in extent. 

On the 19th there was also a moderate Low off the 
northern coast of Scotland, which by the 20th had 
moved over the North Sea, where moderate south- 
westerly gales occurred. 

On the 21st Belle Isle was near the center of a Low, 
although moderate weather conditions were the rule in 
that vicinity as well as over the greater part of the 


ocean. 

Charts VIII to XI cover the period from the 22d to 
25th, inclusive, and give an idea of the area of high 

ressure that spread over the coast of Europe, reaching 
its maximum on the 24th, when the barometer at Storno- 
way, Scotland, read 31.03 inches. These charts also 
show the disturbance that on the 22d was central near 
42° N., 45° W. 

On the 26th a Low was off the Virginia Capes, with 
moderate southwest gales west of the 65th meridian, 
that moved rapidly eastward, and on the 27th was 
central near 43° N., 53° W. On that date winds of 
force 7 and 8 occurred along the 40th parallel, between 
the 40th and 60th meridians. On the 26th southerly 
gales were also reported between the Azores and the 
35th meridian, accompanied by comparatively high 
barometric readings. 

On the 29th a well-developed depression was central 
near Eastport, Maine, with southerly gales between 
Nova Scotia and the 35th parallel. On the 30th the 
center of this Low was near Belle Isle, and on the 31st 
near 53° N., 45° W. On the former date southeasterly 
gales were encountered in the vicinity of the Azores, and 
on the latter, the storm area covered the region between 
the 35th and 55th parallels and the 30th and 45th 
meridians. 
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Ocean gales and storms, December, 1926 
_ Position at time of Low- | Direc- | Direction | Direc- 
Voyage Jowest barometer est | tion of | and force | tionof | | Shifts of wind 
Vessel ’ 1 j Li Gale lowest Gale ba- wind | of windat| wind fores of near time 
r wes me 
NORTH ATLANTIC. 
OCEAN 
West Harcuvar, Am.8.8,| Norfolk. .... -| Hamburg-_...) 39 39 N.| 6950 W,| Dec. 1..| 2a.,1.....) Dec. 29.59 | NW-_...) NW., 6....| Var...) NW., 10...| NW.-SW. 
Bellflower, Am. 8. Liverpool. 37 26.N.| 61 15 29.50 | SSW_..| SSW., 6...) NW-....| W., 10... 
Englewood, Am. 8. S_--| Bremen_..___| 51 42.N.| 2 56 E. | 29.63 | NW..._| NW.,8.__-| NW., 9...| N.-W. 
Prince, Br. S. S...| Antwerp....- Newport | 4607N./| 40 42 3._... 29. 84 | WswW.,8.. NW....| SW., 9....| WSW.-NW. 
ews. 
Silvercedar, Br. M. S....| Gibraltar.....| New York...| 88 01 N.| 71 41 W.| 29. SW....| WNW.11.| NNW _| NW., 12...) SW.-NW. 
8. Canal Zone__| Falmouth_.__| 29 08 N.| 49 05 29.82 | ESE__.| SW., 8....| SSW...) SE., 9._._. ESE.-SsW. j 
California, Dan. M.S...) Bahia_..»..-.| Copenhagen .|.36.11.N.| 15 50 W.| 5....... 10 30.17 | NNE_.| NNE., 6..| NNE..| NNE., Steady. 
New York City, Br.8.8-| New York...| 42 40N.| 63 23 W.| 6._.._.. $ 28.78 | ESE...| SW., 10_..| NW__..| SW., 10...| SSW.-wsw. 
Tosari, Du. 8. Port Said...-| 43 25N.| 58 55 W.| 99.27 | 8....... SW. NNW || SW. 11__.| SW.-W. 
Padnsay, Am. S. 8....-- Charleston...| Santa Cruz.-| 3049N.| 49 53 W.| 7_...... "| 7 29.64 | NNW _| N., 10..__- NE....| N., 10..._. NW.a=N-NE. 
Boston City, Br. 8. Philadelphia.| 5015N.| 3200 4B. 29.94 | SSW...| SSW., —..| WNW.| SSW., 9._.| SW.-NW. 
Chenab, Br. 8. S........ | Baltimore....| Dublin.....__| 41 20N.| 42 00 W.| 9...._.. 11 10...| 10...... 29.41 | ENE__| SSE.12..| SSE., 12._| SEA8SE. 
Collegian, Br. 8. 8.......| Liverpool. ___ Ne wWport | 3621N.| 63 20W.|li...... Mdt., 13...._| 29.39 | SW._..| WNW.,10., WNW_| 10.-| SW.-WNw. 
ews. 
Ariano, Br. 8. Halifax.......| London-_..-.. 48 20 N. 38 00 W.| 10..___. 7 29,28 | SW...) 9..-....) 8.-SW 
Caucasier, Bel. 8_.....| New York...) Antwerp.....| 4100 N.| 61 00 W.| 28.65 | 6, We... WNW.,i0.| E.-S.-W. 
Samland, Bel. 8. S......| Antwerp.....| New York_..| 44 25.N.| 54 10W.| 12.._.. 2a, 29.14 | SSE___.| SW. WNW/| SW.,, li... 1% 
Ameri rican Trader, Am. | 43 30N.| 57 45 W./ Mdt., 18..| 20....__ 29.56. | WSW..| WSW., 10.| NW_...| NW., 10..| WSW.-NW. 
Cyrus Field, Br. Cable | Halifax (near) _| 46 46.N.| 56 14 W.| Mat., 191.) 29,26 | NNW .| WSW., 9..| WNW_| WSW., 9. WNW-W.- 
Maine, Dan. 8. S Copenhagen 5933.N.| 644 W.} 20, 29,58 | W., W. W.-NW.-N 
@.). 
Sylvafield, Br. M. Colon........ London...-.. 35 01. N.| 46 45 10 p., 21...) 22._.._- 29.33 | WSW_.| WSW.., 7..| WNW.) WSW., 10.| 
altymore, Br. 8, Liverpool_...| Boston...... 51 25N.| 21 25 21_____- Madt., 29.83 | SSE__._} SSE., 8....| NW....| SSE., $._..| SSE-NW. 
Athelmere, Br. S. S_.....| Curacao......| Hamburg....| 37 28N.| 41 15 W.| 2 p., 29.87 | SSW_..| W., 8--....| WSW-..| —, 10...._. sW.-W. 
Wytheville, Am. 8. S_...| Rotterdam...| New York._.| 35 00N.| 55 16 W.| 48., 23....| 29.42 | SW___.| NNE., 5..| NNW _| NNW.,, 12. NW -ESE.- 
Bolivian, Br. 8.8 ...-; Kingston.....| 42 67 N.| 28 20 W. 20,73. S....... 8., SSE_...| SSW., 10.. SSW.-SSE. 
Nieuw Amsterdam, Du. | New York.._| Rotterdam__.| 46 05 N.| 36 24 W. 29.18 | S8B., SSE., 9.___| Steady. 
Wytheville, Am. 8. S_...| Rotterdam._.| New York...| 36 33 N.| 66 41 W. 29.63 | WSW__| SW., N____.. SW., 12_..| SW.-W-N. 
Bremen, Ger. 8, S._..... Bremerhaven |....- 43 47N.| 53 58 W. 29,11 | SE... MNW., 6..| SW.._.| NW.; 10..| WSW-W.-NW 
Inverurie, Br. 8. S.......| Tampico..._- Southampton| 37 41 N.| 61 43 W. 2v.76 | S....... SW.,—._.| NNW _| 9...| WSW-NW. 
River Tigris, Br. 8. S_...| Gibraltar....| New York...) 36 30N.| 62 49 W. =, 
Breedijk, Du. 8. S......- Rotterdam...|.....do......- 45 33N.| 42 07 W. 29.55 | S....... NNW _| 8, 
NORTH PACIFIC 
EA 
Lubri¢o, Am. | San Pedro. Point Wells, 48 18 N.| 125 10 W.| Nov.30| 6 p., Ist-..| Dee. 20.31 | 8., 8 8 NW., 9.--| S.-NW. 
asa, 
Akagisan Maru, Jap. 8. S.| Yokohama._.| San Franeisco| 47 50 N.| 161 45 W.| Dec. 1_-| 4 p., 2 3 28.59 | ESE...| N., 10:....| WNW.| NNW., 11| NNE.-N, 
Taiho Maru, Jap. 8.S-..| Miike....._ Vancouver...| 42 41 N.| 169 36.E.| 1._..._. 29.23 | WNW.| WNW.,10| NW_..| WNW, 10 
Volunteer, Am. S. Honolulu_...}| Kobe_-_......| 82 27 141 42 E.| 1._._._.' 29. 93 SW.,9....| NW._.| SW., 9....| 8.-W.-NW. 
Pres. Polk, Am. S. S__.-|----- do....-..| 29 10 N.| 177 20 1 2p. 3.__....| 29.67 | SW....| WNW.,9.| NW...| WNW. 9 .| WNW.-NW. 
Haku utatsu Maru, Jap. Portland__._. Yokohama...| 43 39 N.| 153 40 E.| 29.18 | SE_.___| SSW., 6._.| W_____| SE., 
Wheat iland Montana, | Vancouver 52 26 N.| 161 00 W.! 2 1a.,3 4 28.40 | ESE..-| S., 4....._-| w...-:| NE., 10...| NE.-8. 
m. 5. 5. 
Las Vegas, Am, 8,8_....| Otaru........| San Pedro....| 43 15 141 02 E.| 5 Dy 29.68 | WNW.| WNW., 10, W.-WNW. 
Steel Age, Am. 8. S__._.| Formosa.....| Port Town- | 26 10 124 08K. | 4 
La Crescenta, Br. 8. Newchwang.} San Pedro 38 42 N.} 179 02 18 29.41 | NW....| NW., 8..-| SSE_..| NW., 10...| Steady. 
Levant Arrow, Am. 36 00 N.| 172 00 E. | 4 p., | | 29.39 | SSE... WNW. il WNW.,i2 W.-NW. 
Pres, Madison, Am.S.S.| Yokohama._-| Victoria..--.. 46 45 N.| 170 00 E.| 19 20.72 | NW...| NW.,7.-.-| NNE..| —., NW.-N.-NNE. 
Jap. 8. S...| Miike........| Vancouver.._| 48 37 N.| 160 52 W.| 6_.__... 28.65 | E......| 8..... 
Kureba Maru, Jap. 8. | 60 03 N.| 160 12 W.| 6....... 28.53 | E.....-| S8W.,10..| WSW-..| SSW., 10. _| 8.-SW. 
Shabonee, Br. 8. S__.._. San Pedro....| Nagasaki... 26 86 N.| 177 31 W.| 5....... 4a.,6.....| 9...-..- 29.57 | SW___.| W., 8..-_.| NW_..| NNW.,12.| WSW.-WNW 
Stockton, Am. 8. S..___- Cebu_....._.| Portland.._.. 38 50 N.| 159 52 E. | 1p., 7--.-- | 29.36 | SSE...| SSK.,7....| SW_-..| S., 10...-..| SSE.-SW. 
Hakatatsu Maru, Jap. | Portland....- Yokohama._.| 35 10 N.| 140 31 E.| 7 1p.,8 8 29.20 | SSW...| WSW.i..| NW..-| WSW., i1- 
Makiki, Am. 8. San Franciseo| Honolulu....| 37 45 N.} 123 55 W.| 7..._...| 9._..-.-] 29.94 | NW__.| NW.,9....| NW.,9....| NW.-N. 
West Pros , Am, 8, §.| Hongkong.-_-| San Francisco] 35 20 N.| 147 50 E. | 12.5... 8. 
Rakuyo Maru, Jap. 8. S.| Honolulu._..| Yokohama___| 34 05 N.| 140 44 BE. | 7______. 2 29.13 | SSE... W.,10-_..- W., ll S.-W. 
Makaweli, Am. 8. S._-_. Ahbukini...--| San Franciseo| 35 45 N.| 129 30 W.| 8....._.| 12 p., 30. 28 | N...._. N.,10..... Steady 
Radnor, Am. 8. 8 Honolula___.| Kobe_.._....| 32°80 N.| 140 30 E. | 8 9 29.41 | W_....| W.,10.....| NW_..| Do. 
Yankee Arrow, Am. §, 8.| Nagasaki. ...| Los An .| 36 038 149 49 E. | 5 p., 8....- Pa 8-WSW. 
Las Vegas, Am. 8. _..| 43 45 N.| 156 00 E. | 5a, 9.----| 10.____- 28.73 | ESE.__| SSE.,10._.| WSW__| SSE., SSE.-WSw. 
Dickenson, Am. 8. 8___.| Honolulu____ Midway Is- | 28 50 N.| 170 42 W.| 3.,8..---| 10...-.. 29,92 | WSW..| WSW.,—.| NE....| NW.,8._..| NW. 
and, iP 
Steel Age, Am. 8. Formosa..._.| Port town: | 36 55 N.| 143 04 E. | 29.57 | NW...| NW.,—...| NNW .| WSW.,10.| WSW.-NW. 
send, 
Wheatland Montana | Vancouver...| Yokohama._.| 48 18 N.| 169 20 E. | 9....__- 11 p., 9----| 29.65 | SSE__.| SE.,11....| SW..__| SE.,11..._| SE.-SW. 
Pres. Polk, Am. 8. S__..| Honolulu_...| Kobe_....___| 82 56 N.| 150 35 | 8_...___| 7p. 8 11......} 20.47 | SE... SE.,9..... W...-.| SE.,10..__| SE.-SW. 
Africa Maru, Jap. S...| Yokohama_..| 42 27 N.| 170 13 E.| oon, 14.-| 29.18 | E., —.....| W8W..| WSW.,10.| E.-wsw. 
Protesilaus, Br. S. S__...| Yokohama Victoria....-.| 47 21 N.| 171 06 E. | 13_____- | 4a., 14.._-| 28.66 | ENE__| ESE.,10.-| SW.._-| ESE., E.-SE. 
Canadian Freighter, Br. | Chemainus...| Balboa..--.--| 47 20 N.| 125 05 W.| 14....-.| 11 p., 14..-| 29.71 | ESE_._| SE.,9..__- SE.,9..__- ESE.-8SE. 
Protesilaus, Br. 8, S____- Yokohama...| Victoria......| 50 10 N.| 159 30 W.| 16..____| 29.26 | SSE_..| 8.,9.-.._-- SW....| SW.,10._.| ESE.-SWw. | 
Shabonee, Br. 8. 8_____- Ni 30 20 N.| 140 24 BE. | 18... 1 p., 18..__| .87 | WNW.| WNW.,8.| NNW_| NW,9....} WNW.-NW. 
Arrow, Am. §. 38 33 N. 168 05 E. 18_.....| 11 p., 19.-.| 19.-__..| | 29.14} 8. SSW.,10..| W_....| 10_-| S.-SSW.-W. j 
Kurohime Maru, Jap. | 45 02 N.| 164 00 E.| 4p., 20..--| 21-2222 28.45 | WNW.,1_| E.,11.....| WNW.-NW. 
Do... 47 13 N. 174 55 E.| 22.__.__| 6 p., 28. 98 SW.,—..-| WSW..| WSW.,11_| SW.-wsw. ; 
Stockton, Am. 8. 45 00 N.| 139 00 W.| 6 p., 20..-- 20.94 | W__._.| NW.,10...| NW__.| NW.,10.__| Steady. 
Pres, Grant, Am, §, S___ 49 19 N.| 172 23 B.| 20..-. E...... E.,7..-...| NNW.| E.,10....-| E.-ESE. 
West Ison, Am. 8. 8..__- 29 55 N.| 133 50 E.| 2a., 21.-.- | 20.40 | ESE__.| ESE.,7__.| NW_-_| W,11.___. W.-N.-NNW. 
m, Am. 16 50 N.| 119 40 E.| 22. __ 4a., | 29.80 | NNE._.| N.,—-....| NE.__.| NE., 10._.| NNEAN. 
Steel Age, Am. 8. S____- 48 50 N.| 128 00 W.| 23._____| 4p., 28...-| 28 | 29.27 | W__._.| 11...| W...--| SSE.,11...| 8SE.-SW. 
West Niger, Am. S. S__- 45 25 N.| 179 54 B. | —, 24....-- 29.14 | SE.....| SE.,8.....| WSW-..| S.,10...___| 8.-SW. 
India Arrow, Am. 8. 38 10 N.| 140 40. W.| 23. 8a., 29..--| 29.22 | SSW___| 
Sunugentco, Am. 8S. 8...| Newark, N.J.|..--- do.......} 14 15 N.| 94 52 29__.._. 5 a., 20....| 20...... 29.84 | NNE. 8..| NNW - NE.. N.-NE 
Pacific, Am. 8, Everett....._ 44 00 N.| 124 38 W.| 8 p., | 29.78 | 8...-..- Ws SE., 12. -..| 8.-SE 
Lebee, Am. 8. San Pedro_..| Cordova.....| 50 27 N.| 134 03 W.| 28.97 | SSW__.| SSE.,8.__-| SSW.--| SSE., 10._-| S8E.-8. gl 
West ison, Am. 8. Orient.......| Seattle...._--| 47 20 N.| 174 05 30...-| 31..----| 20.26 | ENE-..| ENE.,8..| NNW..| ENE.,9...| ENE.-N.-NW 
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NORTH PACIFIC OCEAN 
By E. Hurp 


December, 1926, was one of the stormiest months in 
recent years on the North Pacific Ocean. Gales of force 
9 or over were of daily occurrence. Storm winds were 
reported on at least 10 days, and hurricane velocities are 
known to have been experienced by vessels on 6 days. 
Very sharp gradients and rapid fluctuations in the 
Aleutian Low caused more gales than usual along the 
eastern half of the northern steamer routes, and several 
hard Asiatic storms swept with unwonted fierceness the 
waters between Japan and the 180th meridian. 

Among the storms of the Far East, that of the 7th to 
11th was the most notable, and was the worst of Decem- 
ber for any part of the ocean. It entered the Yellow Sea 
from China as a shallow depression on the 6th, closely 
followed by an anticyclone of ee” magnitude from 
Siberia. It deepened rapidly on the 7th and 8th, during 
which time it traversed Japan from south to north, 
causing southerly to westerly gales and snows over a 

eat part of the archipelago and neighboring waters. 

ole gales to hurricane winds occurred intermittently 
on the 8th and 9th over a considerable part of the area 
from 30° N., 135° E., northeastward to 50° N., 170° E., 
while in scattered localities within or near this region 
forces up to 11 were encountered on the 6th and 7th, and 
up to 10 on the 10th and 11th. On the 8th the pressure 
adients along the 32d parallel were very steep, the 
arometer readings ranging between 30.80 inches over 
China in 116° E., and 29.20 inches, in 137° E. 

Two subsequent storms of this region were those of the 
14th to 19th and the 20th to 24th, both of which caused 
strong gales over the western Pacific north of the 25th 

arallel, between the 135th and 170th meridians of east 
ongitude. On the 18th and 22d winds of storm force 
occurred near southeastern Japan, and on the 19th, near 
45° N., 165° E. 

In consequence of the pronounced anticyclonic activ- 
ities over southeastern Asia, a strong northeast monsoon 
prevailed along the coast, rising in force to 10 over the 
northeastern part of the China Sea on the 23d and 24th. 

High winds occurred in the neighborhood of Midway 
Island on the Ist, 6th, 7th, and 8th—reaching the force 
of a storm on the 7th—in conjunction with the far- 
reaching fluctuations of the Aleutian Low, then near or 
to the southward of Dutch Harbor. 

This tow showed much activity during December, 
reinforced considerably as it was by the entrance of the 
Asiatic cyclones previously mentioned. It oscillated 
reeaagaer from day to day between the middle Aleu- 
tians and the eastern part of the Gulf of Alaska, but its 
average center was near Kodiak, where the monthly 
pressure was 29.33 inches, a quarter of an inch below the 
normal, At Dutch Harbor pressure was low except from 
the 8th to 12th, at which time a remarkable increase 
occurred. Here the minimum reading of the month, 
28.56 inches, on the 7th, was followed on the 10th by the 
unusually high maximum of 30.72 inches, thus accom- 
plishing in three days a pressure change of more than two 
inches. Frequent high winds in northern and middle 
latitudes attended the movements of the Low, although 
the severest gales, those reaching force 11, were localized 
near 48° N., 162° W., on the 2d and 6th. Offshoots of 
the main disturbance entered the American mainland on 
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ten days. At the end of the month the Low had spread 
well over the eastern part of the ocean north of the 35th 
parallel, causing sti gles off the Washington and 
Oregon coasts and to the northward. On the 28th a 
force of 11 was encountered by the Steel Age off Van- 
couver Island, and a southerly gale with a maximum 
velocity of 66 miles per hour was registered by the Weather 
Bureau Station at Tatoosh Island. On the 29th the 
American steamer Pacific reported a hurricane wind off 
the upper Oregon coast. These occurrences were followed 
by lesser gales in the same locality until early in 
January. 

The North Pacific permanent HicH, normally central 
in December near 32° N., 138° W., covered very nearly 
its usual position—though with considerable daily 
changes—except on the first and last few days of the 
aA. when its place was largely occupied by the 
Aleutian Low. 

The following table of pressure data gives further indi- 
cation of barometric conditions east of the 180th meridian: 


TaBLE 1.—Averages, departures, and extremes of atmospheric pres- 
von at sea level at indicated hours, North Pacific Ocean, Decem- 
1926 


Depar 
Average 
Station pressure prrenden Highest | Date Lowest Date 
id Inches Inch Inches Inches 

Dutch Harbor !.__.._._- 3 29. 41 .17 30.72 | 10th_.... 28. 56 | 7th 
=. 3 29. 56 —0.05 30. 76 | 10th §___ 28.90 | 26th 
3 29. 33 —0. 25 30. 44 | 11th... 28. 66 
Midway Island 1___.___- 3 30. 02 —0. 02 30. 28 | 28th._... 29. 58 | 5th 
30. 01 0. 00 30.19 | 27th... 29. 85 | 14th 
29. —0. 13 30. 54 | 12th._.-. 28. 86 | 30th 
Tatoosh Island ?4__..._- 30. 01 +0. 04 30. 57 | 8th...._. 29. 26 | Ist 
San Francisco ?4___.___. 30. 10 —0. 01 30.49 | 27th..... 29. 73 

San Diego ?4__...._._._. 30. 02 —0. 02 30. 45 | 28th..._. 29. 66 | 4th 


1 P, m. observations only. 

2 A. m. and p. m. observations. 
3 30 days. 

4 Corrected to 24-hour mean. 

5 And other date. 


At Honolulu pressure was normal, but the average 
temperature, 75°, was next to the highest on record for 
the month. The prevailing wind direction was east, and 
the maximum velocity, 34 miles from the east, on the 
25th. The average hourly velocity at the station was 
7.4 miles, but for the 24th to 28th, inclusive, was 16.5 
miles. The total precipitation was 1.93 inches, which is 
2.03 inches below the normal. Precipitation was slightly 
below normal, also, along much of the American coast, 
except southern California and to the northward of Wash- 
ington. At Juneau the total of 14.43 inches exceeded by 
1.10 inches the previous December record. Here 31.3 
inches of snow fell. . 

Fewer gales than usual occurred off the tropical Ameri- 
can coast. Northers of force 8 to 9 were reported by 
vessels in or south of the Gulf of Tehuantepec on the 
29th and 3l1st. 

The December occurrence of fog varied considerably 
from that of the previous November. A marked decrease 
was noticed along the American coast, where it was 
reported on only three days this month. In east longi- 
tudes fog was reported on the 27th only, whereas it was 
noted on six days in November. However, fog increased 
pee the region between 32° and 52° N., 130° 
and 170° W., where the phenomenon was noted scatter- 
ingly on 15 days. 
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. DETAILS.OF THE WEATHER IN THE UNITED STATES 


GENERAL CONDITIONS 


On the whole the month was close to a normal Decem- 
ber. Pressure was relatively high in northern districts 
from the Atlantic to the Pacific and relatively low in the 
southern third of the country. Temperature was above 
normal in that section and also in the Pacific Coast 
States; it was quite generally less than normal from the 
middle and northern Plateau region eastward to the 
Atlantic. (See Chart III.) Precipitation was greater than 
the normal rather generally in the Rocky Mountain 
States and from Texas northeastward to the Virginias. 
Droughty conditions prevailed in the Southeastern 
States, the Lake region, portions of the middle Mississippi 
Valley, and the Pacific Coast States. (See the inset on 
Chart IV.)—A. J. H. 


CYCLONES AND ANTICYCLONES 
By W. P. Day 


Twenty-three low-pressure areas were traced in their 
migrations within the limits of the weather chart during 
the month of December. This number is rather more 
than the normal, and these warm-air masses were quite 
varied with respect to place of origin. The surface 
pressure gradients, however, were sufficient in only a few 
cases to cause stormy weather. Only 14 cold-air masses 
of H1GHs were plotted, and the only important tempera- 
ture depression occurred during the middle of the month, 
when a cold-air mass spread slowly southeastward from 
the Canadian interior and Alaska. 


FREE-AIR SUMMARY 
By L. T. 


An inspection of Table 1 shows — temperature 
departures in the lower levels at stations, with a 
change to positive in the higher levels at Ellendale, 
Groesbeck, and Royal Center. Relative humidity de- 
partures were small, and those of vapor pressure followed 
closely those of temperature. 

The futility of assuming that the generally accepted 
average lapse rate of 0.6° C. per 100 m. is even approxi- 
mately constant irrespective of location or season is 
clearly brought out in this table. It will be observed 
that at Ellendale, the northernmost station, the mean 
temperature at 3,000 m. was practically no lower than 
the mean at the surface. phat the average lapse 
rates for this November at the other stations (particu- 
larly the eastern ones) were reps 4 greater than 
this, yet they were much less than 0.6° C. per 100 m. 

From Table 2 it will be seen that the resultant wind 
movement for the month was close to normal at the 
aerological stations. This is especially well shown for 
the country by pilot-balloon observations from 32 well- 
distributed. stations. These show for the 3,000 m. 
(m. s. 1.) level a practically due west direction over the 
country with the exception of the most northern and 
Pacific Coast. States, where the resultant direction was 
northwest. It is imteresting to note that the highest 
resultant velocities ppaatrell not at the most northern 
stations, but over the middle latitudes of the count 
reaching a maximum at the eastern stations. This is 
the normal latitudinal relationship both for resultant 
and average wind velocities when the latter are con- 


sidered, without respect to direction. (See Montuny 
Weatuer Review SuppLement, No. 26, 1926.) 

A. kite flight reaching to 4,000 m. made at Due West 
on the morning of the 27th is of special interest in con- 
nection with the occurrence of precipitation over that 
region considerably earlier than the prevailing sea-level 

ressure distribution indicated. (See a.m. weather map, 

ecember 27). This record was obtained in the south- 
west quadrant of an extensive anegyaone about midway 
between its center and periphery. ith no precipitation 
occurring east of Texas at the time and with the entire 
eastern half of the country under the control of high 
pressure, it was unusual to find intermittent rains oc- 
curring as far east as Due West, where a steady rain set 
in by midnight and continued throughout the following 
day. The outstanding feature shown by this record was 

a cold east-northeasterly surface wind overrun by a very 
warm one from the south. Accordingly, at 2,100 m., 
the temperature was, 7.2° C., while at the surface it was 
1,6° C, and the average lapse rate from 2,100 m. to 4,000 
m., 0.45° C. per 100 m. 

At the beginning of the flight only high A-St. and Ci 
clouds moving from the west were present. Before the 
highest altitude was reached, however,. these clouds be- 
came obscured by lower St. Cu. moving from south- 
southeast. Some lower St. moving from the east also 
appeared. It is of particular interest to find that the 

eady pronounced temperature inversion referred to 
above became even more marked by the following 
morning (28th) when a kite flight which was made 
during rain showed the temperature at 1,250 m. to have 
increased 10° C. although the surface temperature re- 
mained about the same as on the previous day. It is 
probable that an even higher temperature prevailed 
above this level, but the altitude of the kites was limited 
when they became waterlogged and were beaten down 
by the strong winds (23 m. p. s. from the southwest). 

Two explanations of this rain might be advanced— 
first, the forced ascent of the warm, moist southerly air, 
and second, the overrunning of the very warm air (as 
shown by the observation of the 28th) by relatively 
colder air above. 

The chief significance here lies in the fact that pilot- 
balloon observations were impracticable throughout this 
whole region on account of the low clouds and precipi- 
tation, and therefore kite observations provided the only 
source of information regarding the upper air. The 
subsequent increase in this storm’s intensity and its very 
rapid movement northeastward during the following 
24 hours are intimately connected with the conditions 
shown by these kite records. That of the 28th is of 
particular interest in that it showed a state of saturation 
throughout this very pronounced inversion layer, a con- 
dition not frequently observed. 

During another period of low clouds and intermittent 
rains at Groesbeck on the 20th when ordinarily both kite 
and pilot-balloon observations would be impracticable a 
valuable pilot-balloon observation was secured owing to 
the alertness on the part of the personnel during a tem- 
porary break in the lower clouds. With reference thereto 
the official in charge reports: : 

As it was evident that this condition would not last long, the 
time of the balloon ascension was advanced to 1.21 p. m., thus 
obtaining an altitude (3,000 m.) that could not have been reached 
at any other time that day. This observation is of special interest 


in connection with the rapidly moving Low attended by heavy 
rains which crossed the Southern States on the 19th, 20th and 21st, 
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At the time of this observation Groesbeck appeared to” 
be on the dividing line between a Low centered over 
Mexico and a HIGH central over the Atlantic coast. The 
significant feature shown was a 27 m. p. s. wind from the 


Decemper, 1926 


TaBte 1.—Free-air temperatures, relative humidities, and vapor 
pressures during December, 1926—Continued 


RELATIVE HUMIDITY (%) 


southwest at and above 1,300 m. elevation, overrunning ‘eechae Bitenda) 
a light surface wind of 5 m. p. s. This observation is Dak. Canter, 
striking, since during the ensuing night this Low moved meters) | meters) “| meters) | meters) | 
northeastward, being centered over Arkansas the jtituae 
following morning. De- De- De- De- |(7 meters) 
On the 11th both the morning and afternoon pilot- Mean| par. | (mean) 
balloon observations at Cheyenne indicated exceptionally frow from 
strong winds at a low elevation. In the morning a maxi- mean} = |mean mean| _—|mean 
mum velocity of 55 m. p. s. from the northwest was 
recorded at 800 m. above the surface where the velocity Surface... a + 33 + 63 
was only 11 m. p. s., while in the afternoon a 53m. p.'s. & ts 
wind from the west was recorded at 1,000 m. with 16 +3 ae 
m. p. s. at the ground. The fact that these were single- 1,250. +2) 87 
theodolite observations introduces an element of uncer- 451 —8 
tainty in accepting these high velocities. Thecloseagree- 47) <2 
ment found between the morning and afternoon observa- 46 
tions, however, strongly substantiates their accuracy, as 
it does not seem probable that a strong downward com- 
ponent would continue for such a long period. A stron VAPOR PRESSURE (mb.) 
area of low pressure central over Saskatchewan provide i a 
favorable conditions for chinook winds, and while the or 
sea-level pressure distribution did not indicate such 5, 35|—0. 36) 7. 43\—0. 63 8.50\—0.02) 3.99\—0.01} 3.71 
4, 93|/—0. 23) 7.11/—0. 8. 09)+-0. 3. 66|+-0. 07 3.78 
extreme velocities they may have actually occurred over | 4.84\—0.25) 6.40|—0. 54 7. 68|+0. 3.32|40.09, 3.76 
this mountain region are needed to check up the seem- 2.09|—0. 76} 4. 01/—0. 70 4. $4/+-0. 84) 2. 45)+-0. 18 3. 10 
A 1. 69|—0. 67; 3. 51)—0. 30) 4. 22)+-1.12} 1. 90|—0. 04 2.73 
ingly erratic velocities occasionally found here. 3,000. 1. 40\—0. 60, 3.20/40. 32 3. 93/+1.46] 1.82 
1.29|-0. 46) 2.81/+-0. 22 3. 57|+1. 1, 42/—0. 05 0. 80 
TaBLe 1.—Free-air temperatures, relative humidities, and vapor + 
pressures during December, 1926 
TEMPERATURE (°C.) 
Broken Ellendale, Royal 
a. 
meters) | ™teFS) | meters) | ™eters) | ‘meters) | Wash- 
ington, 
De- De- De- De- De- | D.C. 
from Mean from Mean from Mean from Mean} from 
yr. Imeai 9-yr. 9-yr. 9-yr. 
ean ean mean mean mean 
8.1 —0.6/-10.9 —2.1, 83) —2.7| —0.9 0.6 
—2.0) 8.0) 82 —0.9) —2.9| —1.0 —0.6 
7.5) —2.1) 8.1) —0.5) —4,7/ —1.5 
—0.7) —9.1) —1.3) 8 —0; 3) —5. 6) —1.9 
—2.3) 7.3) —0.5) —7.3 -—0.6) 9.3) —5.3) —1.6 —1.7 
6.9 —0.3| —6.7\ 9.3} 41.0) —4,1| +0. +18 
—1. —0.3) —6.2) —0,1 9.3) +1.5 —4. 3) —0.6 —2.0 
—0.9 4.6 0.0) —6.9 40.3) 7.4 +1.2) —4.8) 40.2 —2.7 
2.6 —0.1) 40.7) 5.3) 41.2) -6.8) +01 “0 
—0.4) 0.6, ~0.1/-10.7 41.1) 3.2) 41.4) 40.1 —6.3 
~2.0 —0.4/-13.5) 0.6) -9.0 
i Naval air station. 
TaBLE 2.—Free-air resultant winds (m. p. 8.) during December, 1926 
Broken Arrow, Okla. Due West, 8. C. Ellendale, N. Dak. Groesbeck, Tex. Royal Center, Ind. | Washington, 
(233 meters) (217 meters) (444 meters) (141 meters) (225 ) (34 meters) 
Altitude 
(meters) 
m. 8.1, Mean 9-year Mean Mean 6-year mean Mean 9-year mean Mean 9-year mean Mean 9-year mean Mean 
Dir. Dir. j|Vel.) Dir. /Vel.) Dir. |Vel.) Dir. Dir. [Vel| Dir. Dir. [Vel.| Dir. Dir. |Vel.| Dir, 
Surface....-... 75° W,| 56° W.) 72° W.| 1-3/8. 69° W.| 3. 54° 3.4/N. 17° W. W.| 1.1/8. 69° W.| 2.3/8. 58° W.| 2.4/N. 29° W,| 1.0 
8. -| 0.6/8. 51° W. 70° 1.5)S. 63° W.| 1.6 ----|N, 28° W. 1.3/8. 69° 2.5/8. 54° W.| 2.6\N. 44° 3.0 
iS. 1.4/8. 48° W. 3.0/8. 69° W.) 4.3/8. 66° 3.6/8. 80° 4. 0/N. 60° W.| 3.8/5. 62° W. W.) 2. 518. 68° W.) 5.1/S. 60° W. 5 BIN, 88° W. 6.0 
750_... 2. 2/8. 53° W.| 3.9/8. 70° W.| 6.9/S. 70° 5.3/S. 89° W.| 7.1/N. 59° 5. 91S. 74° W. W.| 3.6/8. 75° 7.2/8. 69° 7. 58° W.| 7.5 
1,000. 2.8/8. 67° W.| 4.5/8. 81° 8.318. 77° W.| & 3|N. 57° W.| 7.08. 71° W. W.| 4.8/8. 85° W.| 7.9/8. 79° W.| 8 4\N.60° W.| 81 
1,250. -| 3. 8)S. 78° W.) 5. 0\S., 80° W.) 9.2/S. 78° W.| & 83° W.| 9.3/N. 58° 7.7/S. 80° W. W.| 5.3) W....-... 8. 8/S. 83° W.|10.1 - 
78° W.) 5.5)S. 81° W.| 5.9/S. 82° W,/11, 7/S. 84° 9.6/N. 78° W.| 8 SIN. 57° 8. 51S. 85° W. 6.7|N. 85° W./10. 80° W./11. O|N. 73° W./10.3 
2,000. 82° 7. 83° 7. 4/8. 82° W116. 85° W./11. 77° W./11. 2\N. 59° W./10. 2/S, 81° W. W.} 8. W./12. 88° W./12, 71° 
78° W.| 9.0/8. 86° W.| 9.4/8. 85° W.|16 2/8. 88° W. 11. SIN. 74° 61° W./11. 82° W. W.| 9.6|N. 85° W.|16. 86° W.|14. 5/N. 69° W./14.9 
iS. 77° 9.7/8. 89° W./10. 83° W.|16. O|N. 86° W./13. 72° W.j12. 64° W.'13. 2:N. 76° W. W./11. 89° W.|14. 89° W./14. 7/N. 72° W.|17.3 
\S. 84° 89° 67° 85° W.|14. 74° W.I15. 70° W.|14. 8|N. 69° W, W.|L1. 77° W.|17. 2|N. 85° W.|13. 59° W.|18.0 
4,000... 77° 84° 56° W117. 77° 91S. 38° 2IN. 71° 71° Wil. 
16. O|N. 83° W./12. 56° W.|19. 2)N. 78° W./15. 7 -- 
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DecEMBER, 1926 


FREE-AIR SUMMARY FOR THE YEAR 1926 
By L. T. Samvets 


It is evident from Table 1 that free-air temperatures 
for the year, particularly in the lower levels, were mostly 
below their normal values. A general diminution of 
the departures with increase in altitude occurred in most 
cases, while a change 30 positive is found in the higher 
levels at Broken ow, Due West, Groesbeck, and 
Washington. It should be noted that the temperature 
departures for the naval air station at Washington are 
based on the Mount Weather, Va., records covering a 
five-year ny (1907-1912). These have been omitted, 
however, below the 1,500 m. level on account of the great 
difference in elevation between these two stations and 
also because the Mount Weather data are based on the 
means of the ascents and descents of kite flights, whereas 
the airplane data represent ascents only. Above 1,500 
m., however, there is probably very little difference due 
to either of these causes. 

The persistence of a marked latitudinal normal tem- 
perature gradient to a considerable height above the 
surface is shown for the mid-western section of the 
country by a comparison of the Ellendale and Groesbeck 
data. It will be seen that the difference in the normal 
annual surface temperature between these two stations 
is 12.4° C., whereas at an altitude of 5,000 m. it is still 
10.3° C., showing a net decrease of only 2.1° C. at. this 
great height. : 

It is of interest also to note the longitudinal effect on 
the temperature gradient in the free air as shown by the 
records of Broken Arrow and Due West, these stations 
being almost. on the same parallel of latitude. It is 
found that the normal annual surface temperature at 
Due West is 1.4° C, higher than at Broken Arrow, with 
the differences decreasing until a reversal takes place 
above 1,000 m. altitude, where Due West becomes the 
colder, The proximity of the ocean in this case would 
seem to be the paramount factor. : 

As would be expected with general negative temper- 
ature departures, the relative humidity was mostly 
above normal. Vapor pressures. were below. normal in 
the lower levels at all stations, but mostly above normal 
in the higher levels. (See Table 1.) 

All previous minimum free-air temperature records 
for the month of September were broken at a number 
of stations on the 25th and 26th. On these dates the 
stations were under the influence of a strong high-pres- 
sure area and absolute minimum temperatures prevailed 
from the surface to altitudes reaching 4,000 m. at Ellen- 
dale. Similarly previous low-temperature records (par- 
ticularly for the higher levels) for the month of January 
were broken at Drexel, Broken Arrow, and Royal Center 
on the 21st and 22d when a strong anticyclone passed 
over these stations. 
_ Maximum free-air tem 
exceeded for various levels at Royal Center, Ellendale 
and Due West on the 18th-20th, During this period 
extremely high surface temperatures prevailed through- 
out these sections. 

One of the outstanding aerological achievements of 

ear was a two-theodolite. pilot-balloon observation 

made at Broken Arrow, Okla., on July 3. A 6-inch 
alloon was followed with both theodolites for 122 min- 
utes and a practically uniform rate of ascent (190 m, p. 
m.) obtained during the first 100 minutes, at the end of 
which time the height was 19 km. During the last 22 
minutes, however, the rate of ascent decreased consid- 

31688—27——3 


ture records for July were | 
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erably (averaging only about 90 m. p.m.) and the maxi- 
mum height reached was 21 km. This observation was 
made in the southwest quadrant of a weak low-pressure 
area central over northwestern Missouri. The latitudi- 
nal surface temperature gradient over the country was 
extremely weak and therefore winds were light and 
favorable for such a long observation. A westerly wind 
prevailed from the surface to 3,500 m., where an abrupt 
veering to southeasterly occurred, the direction remaining 
so to the highest altitude. The wind velocity up to this 
height averaged only about 4 m. p. s. The balloon was 
finally eclipsed by Ci Cu clouds. 

An unusual record of an excopGonally deep column of 
rapidly ascending air was obtained at Ellendale, N. Dak., 
on August 12 when a breakaway kite carrying the 
meteorograph rose abruptly from an altitude of 1,750 m. 
to 4,900 m. above the ground, The rate of the rising air 
current was approximately 10.5 m. p.s. For a detailed 
account of this observation see Free-air summary, 
Monraiy Weatuer Review, August, 1926. 

During the following months the resultant wind move- 
ment was generally greater than normal: 

February, March, April (particularly at northern 
stations) and August (particularly at Due West). 

A general excess of north component in the resultant 
wind movement prevailed during March, June (partic- 
ularly at Ellendale), July, November (particularly at 
Broken Arrow, Ellendale, and Groesbeck) and an excess 
of southerly we'sy yaa during August (particularly at 
Due West and Ellendale), September (particularly at 
Broken Arrow and Ellendale), October (particularly 
at Due West), and November (particularly at Due West 
and Royal Center). 


TaBLE 1.—Free-air temperatures, relative humidities, and vapor 
pressures during the year 1926 


TEMPERATURE (°C) 


Broken Ar-| Due West, | Ellendale, | Groesbeck, | Royal Cen-| ‘Washing- 
row, Okla. $..C. N. Dak. Tex. 4 . } ton, D.C.12 
_ |(233 meters)|(217 meters)|(444 meters)|(141 meters)|(225 meters)| (7 meters) 
Altitude 
(m.) De- | De De- De- De- De- 
ure 
Mean Mean| from |Me8D| trom |Mean| prom |Mean from |Mean from 
| 9-yr 9-yr. 9-yr 5-yr. 
mean ax mean mean mean mean 
‘ 
Surface..; 14.9 —0.7| 16.5) 5.9} +0.2; 17.6) —0.5) 9.8! —1.3) 
250.2 14.8) —0.7| 16. 2 17.0} +0.5, 9.6) 
500_ 13.6, —0. 14.5) —0.4) 5. 0. 15.8) 7.8) —1.2 
12.6) —0. 13.2} —0.44 4.9) —0.2) 149° 6.8) —1.0) 
1,000_._.- 11.8) —0.5; 12.0) —0.4) 4.5) —0.2) 14.2) 6.0) —O0.8) 7. 
1,250... 11.0) —0.4 10.7; —0.5) 4.0) —0. 13.4; —0.4" 5,2) —0. 
1,500... 10.2; —0.2; —0. 3.3) —0.1) 12.6) —0.3 4,2) —0. 5.4, —0.8 
2,000... 81 7.1) Li -0. 10. 4; —0. 2.2} —0.5) 3.7) —0.3 
3,000... 2.8) +0,.2). 2.3) —0.3) —4.4) —0.3) 5.5) —0.4 —0.5) —0.9) +0.1 
3,500_____ 0.0) —0. 5) —0.4) —7.4; -—0.5) 2.4) —0.8 —5.1| —0.3) —3.8) +0.2 
4,000... +0. 2) —3.6) —0. 5|—10. 6} —0.9; —0.1) —0.5| —7.7) —0.4) —6.2) +0.8 
4,500. ___. —65, 4-0. 3; —6, 3) —0.2)/—13.8) —2. 1} —0.2) —9. 4) +0.8 
5,000... —8.3) +0. 4) —8. 1) +1.0/—16.0) —0. 6) —3. +13 
Machi. 
500......) 66) +1) 65 +1) 68 ~3) 72) 72) +3) 
750......|.. 64 +1) 65). +1) . 65. 7.43 +3). 
1,000.....; 62) +1) 64 62 66 +3) 60) +3) 
1,250.....| 58 63 OF 62) +3). 67) 
3000 55 
2,500.....| 46) 54, 49): +3) 58). +4). 
8,000... 
3,500.....|. 444 —4 50) 55) +1) 
4,000_.._. 
4,500... | 
5,000... .. 
1 Naval air station. 
_ *Based on observations madé at Mount Weather, Va., July 1, 1907-June 30, 1912. 
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TaBLeE 1,—Free-air temperatures, relative humidities, and: vapor 
pressures during the year 1926—Continued 


VAPOR PRESSURE (mb.) 


{ 
Broken ar Due West, | Ellendale, | Groesbeck, | Royal Cen-| Washing- 
row, Okla. | 8. C. N. Dak. Tex. | ter, Ind. ton, D.C. 
(233 meters) meters)|(444 meters) (141 meters)| (7 meters) 
Altitude 
(m.) | De- | De- De- De- De De- 
ure ure ure 
Mean) trom | Mean) from |Mean| from |Mean| from |Mean} trom trom 
0-yr. 6-yr. 9-yr 9-yr. 9-yr. 5-yr. 
mean mean mean mean mean mean 
| 
Surface. .| 13. 42'~0. 29) 13.84/—0.07 7. 65|—0.47/ 16. 54|—0. 13 10. 50|—0. 
13. 32|—0. 28) 13. 63)—-0. 15. 10.38)/—0. 
500__.-.-| 12.10 —0.03) 12. 24/—0.02| 7.41/—0. 50, 14. 54|-0.05; 9. 28/0. 
11. 00/+-0.07| 11.25! 0.00} 6.63/—0. 43) 13. 20/4+-0.09 8..56/-+0. 
1,000_...- .06 +0, 12) 10. 39|-+0.02} 6. 12|—0. 31) 11. 8040.21) 7. 92)+0. 
1,250... 8. 99-+0.01| 9.45/—0.01! 5. 59/—0. 26 10. 27|40.02) 7. 23/+0. 
1,500... 8.00,—0. 04) 8.45/—0.08) 5. 10/—0.20) 6.59)-+0. 
2,000... 6.27+0.01 6.73'—0.08| 4.22\-0.11| 6.97|—0.16, 5.29/40. 
2,500... - 4.88 —0.01 5.23 0.16] 3.49/—0.05) 5.60/—0. 4. 16/+0. 
3,000... 3.96'+0. 11) 4.26|—-0.01) 2. 86)+0, 4. 54|—0.05, 3. 28/+0. 
3,500... 3.22 +0.14 3.48/-+0.05| 2.38/+0.10) 3.63/—0.09 2. 64/-+0. 
4,000... 2.70 +0.29) 3.03|-+0. 21) 1. 87|+0.03) 25|-+0. 19} 2. 44/+0. 
4,500... 2.27\4+0.40 2.32/40.01) 1.40|—0.10| 2.63/—0.04) 
5,000... 1 71| 0. 74|—0. 57 | 


THE WEATHER ELEMENTS 
By P. C. Day, In Charge of Division 
PRESSURE AND WINDS 


There were few conditions that marked the weather 
as distinctive from that of an average winter month, 
though changes were frequent and important, as may be 
expected in the first month of winter. 

mportant cyclones were notably absent during the 
first decade, although there were some local heavy rains 
on the 2d and 3d in northern California and portions of 
the far Northwest and in southwestern Arizona on the 
4th and 5th and again on the 10th; in fact rain was almost 
of daily occurrence from the 4th to 14th over much of 
the State, and in the vicinity of Yuma the local fall was 
far above the normal for the month and nearly twice as 
much as in eny previous December of record. 

During about the same period as referred to above 
there was rather widely scattered precipitation in the 
southern Plains, and thence east and northeast, some 
heavy falls occurring in northern Texas and near-by areas 
on the 6th and 7th and in southern Texas on the 10th. 

A eyclone with marked barometric depression moved 
into the upper Missouri Valley on the 11th and thence 
rapidly advanced southward to Colorado during the fol- 
lowing 24 hours, attended by some of the lowest pressures 
ever observed during December in that region. This 
storm merged with another moving in the same direction 
somewhat farther east, and curved sharply to the north- 
east during the afternoon and night of the 12th and on 
the morning of the 13th was central over the upper Lakes, 
moving thence to northward of the St. Lawrence Valley 
during the following day. Despite the low pressures in 
the early life of this cyclone it was not attended by im- 
pecmnt precipitation except far south of its center, in 

ennessee and near-by sections, where local heavy rains 
occurred on the 13th and again on the 14th. 

No extensive cyclonic disturbances occurred durin 
the latter part of the second decade, but on the 20t 

ressure was low over the Southwest, and by the morn- 
ing of the 21st the center of a moderate cyclone was over 
Arkansas and heavy rains had fallen over large areas 
in that and near-by States. At Little Rock a total fall 
of nearly 6 inches occurred within 24 hours cn the 20th 
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and 21st, and amounts nearly as large were reported from 
points in near-by States. As this storm moved north- 
eastward toward the Middle Atlantic States local heavy 
rains occurred during the 22d. 

Another cyclone moving from the southern Plains 
northeastward to the Great Lakes on the 23d and 24th 
again brought local heavy rains over much of the area 
covered by that of a few days previous. This was 
quickly followed by still another low-pressure area that 
moved from southern Texas northeastward, again caus- 
ing heavy precipitation over much of the area visited 
by previous storms, but including much of the country 
to the eastward, though here the precipitation was mainly 
not so heavy. 

By the morning of the 28th cyclonic conditions had 
overspread the lower Mississippi Valley and local heavy 
rains were again falling in that region, extending during 
the following 24 hours to all districts east and northeast, 
heavy rains falling in the Atlantic States with more or 
less snow in the Lake region, upper Ohio Valley, and to 
the northeast. 

Anticyclones dominated the weather in the Plateau 
and in northern and central districts. One of the most 
important of these entered the upper Missouri Valley 
on the morning of the 13th and, drifting slowly south- 
eastward, favored cold and fair weather over most central 
and eastern districts until the end of the second decade. 

An extensive anticyclone covered the far Northwest 
on the 23d and by the following morning was centrall 
located over the middle Plateau, whence it drifted sout 
and east during the following few days, but lost intensity 
as it approached the Atlantic coast. 

By the 27th an anticyclone had overspread the Cali- 
fornia coast and moving into the middle Plateau, domi- 
nated the weather from the Rocky Mountains westward 
until the close of the month. . 

Except in a few instances barometric gradients were 
not unusual, and hence wind velocities were not high or 
extensive; only in local areas was there damaging wind. 

The prevailing directions were marked by unusual 
differences at neighboring stations and no important 
areas had prevailing winds uniformly from a single direc- 
tion. Details concerning damage by winds or other 
storms appear at the end of this section. 


TEMPERATURE 


December again showed a tendency toward above- 
normal temperatures over the far western districts, as 
in practically all the preceding months, while in the 
Great Lakes region and to the eastward a tendency 
toward lower than normal temperatures, which has per- 
sisted since February, was again rather marked. 

As a whole the month had frequent changes in tem- 
perature and numerous comparatively brief cold waves 
moved across the northern and central districts from the 
Rocky Mountains eastward; no unusual cold was expe- 
rienced over extensive areas. 

The first week was decidedly cold over northern dis- 
tricts from the Rocky Mountains eastward, but mainly 
warmer than Hiner: in the South and far West, the 
week being unusually warm in the middle Rocky Moun- 
tain and Plateau regions. The second week continue 
decidedly warmer than normal in the Southeast and 
moderately so in the Southwest, but there was a change 
to moderate cold in the far Northwest, and it continued 
cold in northern and central districts eastward as far as 
the Great Plains, and in the extreme Northeast: 
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The third week was mainly colder than normal; due to 
an extensive anticyclone that moved into the upper 
Missouri Valley at the beginning attended by subzero 
ee and gradually spread eastward and south- 
ward, the pressure continui igh over most of the 
country until near the end of the week, though there was 
some warming up as the week advanced, particularly 
over the far West. The week as a whole was colder than 
normal in practically the whole country, and freezing 
temperatures extended to all parts save Florida, a nar- 
row strip along the Gulf coast, in extreme southern 
Texas, and over the lower elevations of Arizona and 
California. | 

The last decade had frequent and over some districts 


important changes in temperature, with the coldest: 


weather of the month about the middle of the decade 
in the Southwest and at the end at points in Florida. 
It was distinctly colder than normal from the Rocky 
Mountains westward and mainly near normal or warmer 
to the eastward. 

The warmest periods were about the 1st and 2d over 
most portions from the Rocky Mountains westward and 
along the North Atlantic coast, about the 10th to 14th 
along the northern boundary and in the Ohio Valley 
and Middle Gulf States, and in the early part of the last 
decade along the South Atlantic coast. At Fresno, Calif., 
the maximum temperature on the Ist, 79°, was the 

ighest ever observed in December. 

he lowest temperatures were observed from the 5th 
to 7th along the North Atlantic coast, about the 14th 
to 16th from the far Northwest southeastward to the 
Ohio Valley and Middle Gulf States, about the 24th to 
27th in the Southwest, and over the Florida Peninsula 
on the 31st. 
_ The lowest temperature reported was —49° in the 
mountains of Wyoming, while at Ludington, on the east 
shore of Lake Michigan, a minimum of —4° on the 18th 
was the lowest ever observed at that station in December. 


PRECIPITATION 


_. As has been the case for a number of months past, 
precipitation for the country as a whole was materially 
above normal, due not so much to the area covered, since 
more than half the States showed deficiencies, but to the 
heavy falls over restricted areas. 

From Arizona and Utah eastward precipitation was 
everywhere above normal, except. over the Florida 
Peninsula and the near-by portions of the Gulf and South 
Atlantic States. In portions of this area, notably in 
southwestern Arizona, the monthly amounts were far 
above normal and greatly exceeded any previous De- 
cember precipitation in more than 50 years. In portions 
of northeastern Texas and thence over northern Louisi- 
ana, eastern Oklahoma, most of Arkansas, much of 
Kentucky and Tennessee, and northern Mississippi and 
Alabama, the monthly precipitation exceeded the normal 
December fall by from 5 to 10 inches, and in numerous 
instances the monthly amounts were the greatest or 
nearly the greatest ever received in December. The 
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average for Tennessee was more than 6 inckes above 
normal, the greatest December average of record. 

The large totals of precipitation over the areas last 
referred to were confined mainly to the third decade, in 
which rains were of almost daily occurrence except on the 
last two or three. Local 24-hour falls during this period 
were in excess of 6 inches, in some instances the greatest 


ever measured in December. 


The Pe: mp was moderately deficient in the Pacific 
Coast States and generally from Missouri and Iowa north- 
eastward over the Lake region and New England, and 
from southern Louisiana eastward to the South Atlantic 
coast. In Florida the average precipitation was less than 
1 inch, the least for December in nearly 40 years of state- 
wide observations. 

Heavy rains during the latter part of the month over 
portions of the lower Mississippi Valley and the southern 
tributaries of the Ohio caused serious floods, full details of 
which appear elsewhere in this issue. 


SNOWFALL 


All parts of the country had more or less snow except 
the low elevations of the far Southwest and along the 
Pacific coast, and from eastern Texas to the Carolinas and 
southeastern Virginia, where practically no snow fell. 

Snow was unusually heavy in portions of central and 
western New York, and elsewhere from central Pennsyl- 
vania to New England, and over parts of the Great Lakes 
region the amounts ranged usually from 10 to 25 inches or 
more. Over the western slopes of the Appalachians from 
southern Virginia to Maryland and westward to the Great 
Plains and thence northward to the Canadian boundary 
the amounts ranged up to 5 or locally to even 10 inches. 
Farther south there were mainly only light falls, except 
in Spear of northern Texas, where amounts up to 5 
inches or more were reported. 

About the normal amounts fell in the RockyMountain 
States and to the westward, except in the central and 
northern Sierra and over much of Nevada and near-by 
areas, where there was a general deficiency, particularly 
in Nevada. 

A near blizzard, but covering an unusually small area, 
visited Buffalo, N. Y., and its immediate vicinity on the 
16th. Fifteen inches of snow fell, the greatest amount 
in many years, and the a winds caused much drifting 
and seriously delayed traffic. 

Glaze and ice storms were reported locally in Iowa and 
at points eastward through Illinois, Indiana, and into 
Michigan on the 7th and in the vicinity of Harrisburg, 
Pa., on the 25th and 26th, where considerable damage was 
reported. 

RELATIVE HUMIDITY 


Over practically all the country the average percentages 
of relative humidity were above normal, the principal 
exceptions being California and Oregon and the extreme 
Southeastern States, where the averages were mainly less 
than normal. Over portions of the Southwest the aver- 
ages were at many points 10 to 15 per cent above normal, 
but elsewhere they were mainly near the normal. 
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SEVERE LOCAL HAIL AND WIND STORMS, DECEMBER, 1926 


(The table herewith contains such data as have been received concerning severe local 


storms that occurred 
Annual Report of the Chief of Bureau) 


during the month. A more complete statement will appear in the 


Width of Value of 
Washington (western part Ee Severe wind_......| Thousands of dollars damage to plate-glass win- | Times (Beatle, Wash.); a 
" dows and roofs; telegraph, telephone, and ficial, U. 8S. Weather B 
wires also damaged some ex- reau. 
nt, 
Eastport, Me., and vicinity. Wind and snow_-_.| Traffic impeded Official, U. S. Weather Bu- 
Iowa (northern part of) ..... Railway traffic interrupted, and highways Do. 
California (southern pert 8-9 Wind and rain___.| A considerable amount of citrus fruits whipped Do. 
from trees in some sections; trees injured by 
twisting and breaking of limbs; barge sunk by Do. 
sudden squall in San Pablo Bay. 
Devils Kain, N. Dak., and Wind and snow...| All highways blocked to motor traffic by drifts... Do. 
nity. 
Iowa part of). Rail traffic delayed; highways obstructed_....... Do. 
1 Gale and snow....| Traffic considerably delayed; one death due to 
e e. 
Iowa (northern part of) Wr ssi Wind and snow--- Railway traffic delayed; roads blocked--...__._.. Do. 


STORMS AND WEATHER WARNINGS 
WASHINGTON FORECAST DISTRICT 


On December 5 storm warnings were ordered from 
Delaware Breakwater to Eastport, Me., for strong east 
winds accompanied by snow, which occurred as indi- 
cated. Warnings were changed to northwest the fol- 
lowing day. 

Storm warnings were ordered eopinzed the night of 
the 13th from Wilmington, N. C., to Eastport, in con- 
nection with a disturbance of marked intensity over 
Ontario. Warnings were ordered down south of Dela- 
ware Breakwater on the morning of the 14th and winds 
did not exceed fresh to strong north of Delaware Break- 
water. 

Small craft warnings were issued the morning of the 
15th between Hatteras and Sandy Hook. 

On the evening of the 25th, warnings were ordered 
from Delaware Breakwater to Eastport in connection 
with a disturbance over Kentucky, and strong winds 
and gales occurred as indicated. 

Storm aguas were ordered on the morning of the 
28th from Norfolk to Eastport in connection with a 
disturbance over Mississippi of increasing intensity. 
This disturbance moved northeastward attended by 
strong winds and gales over the region indicated in the 
advices. Small-craft warnings were displayed on the 
east Gulf coast on the 28th. 

Frost or freezing temperature warnings were issued for 
portions of the east Gulf and south Atlantic States on 
the Ist, 12th, 13th, 14th, 15th, 16th, 17th, 24th, 29th, 
and 30th. 

Cold-wave warnings were ordered for limited areas 
several times during the month, but the changes were 
moderate in all cases and on two occasions delayed. 
No important cold waves occurred.—R. H. Weightman. 


CHICAGO FORECAST DISTRICT 


December, 1926, in the Chicago forecast district was 
colder than usual, especially in the northern quarter, 
where the mean temperature ranged from about 4 to 8 
degrees below normal. As to precipitation, less than 
the normal amounts occurred, as a rule, but the number 
of days with a trace or more of precipitation was com- 
paratively 

Storms on the Great Lakes—The storm warning season 
continued until the termination of the 15th. During 


this period several disturbances affected the Great 
Lakes, but none was of much severity. However, either 
small craft or storm warnings were issued for all but one 
of these disturbances. The exception was the disturb- 
ance of the 7th-8th, which exhibited only minor force as 
it crossed the Lakes. The most important storm of the 
month was that of the 11th-14th. This was a deep 
disturbance from the northwest and it preceded a severe 
cold wave. Strong winds or gales occurred over most of 
the Great Lakes region in this connection. The warnings 
issued were general in scope and proved timely. 

After the close of the storm-warning season, advisory 
warnings were issued on three occasions for interests on 
Lake Michigan, where navigation proceeds throughout 
the year as a rule, | | 

The abnormally cold weather that prevailed at the 
beginning of the month resulted in a great accumulation 
of ice in the canals and locks at the “Soo,” with the result 
that one of the earliest and greatest blockades ever 
experienced in the marine history of the Great Lakes 
existed for a few days at that time. More than 100 
vessels of various kinds were held in the ice. 

Cold waves.—Cold-wave warnings were issued for some 
part of the district on 11 dates, although in a few cases the 
warnings of one date were merely repetitions of those of 
the previous date. The most severe and widespread cold 
wave of the month covered the 12th-14th. It swept 
virtually the entire district. In some instances the 
24-hour fall in temperature equaled or slightly exceeded 
50 degrees. A second general and marked fall in tem- 

rature crossed the district from the 23d to the 25th, 

ut in some areas the minimum temperature required to 
constitute a cold wave was not reached. Cold waves 
without warnings occurred in a number of instances, but 
over limited areas as a rule. In most of these cases the 
cold wave was of the “radiation” type. That is to say 
the fall in temperature occurred over & snow-covered 
surface in or near the center of a high pressure area. 

Livestock warnings —Advices for the benefit of live- 
stock interests were disseminated on the 12th for South 
Dakota, Nebraska, and Kansas, and on the 22d, for the 
Dakotas and western Nebraska.—C. A. Donnel. 


NEW ORLEANS FORECAST DISTRICT 
Storms were not intense and only one cold wave 


general warnings. 
orthwest storm warnings were issued for the Texas 
coast in the morning of the 24th and verifying velocities 
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occurred on the east coast of Texas during the night of 
the 24th-—25th. 

On account of the customary early morning departure 
of fishermen from Corpus Christi, night advices for the 
benefit of small craft have been inaugurated for that 
locality and on the 12th and 23d advices based on the 

.m. weather charts for ‘‘northers’’ beginning the follow- 

day were sent to Corpus Christi. Small craft 

warnings were displayed on the Texas coast on the 13th 
and on the Louisiana coast on the 28th. 

Cold-wave warnings were issued for Oklahoma and 
northern Arkansas on the 3d but failed: of verification 
because of the eastward movement of the large area of 
high pressure central over Saskatchewan Province in the 
morning of the 3d. 

On the 12th a large area of low pressure, in the form of 
a crescent trough, was being forced rapidly southeastward 
in advance of a large area of high pressure over western 
Canada and northwestern United States. Cold-wave 
warnings were issued for the northwestern half of the 
district in the morning of the 12th and extended to the 
Texas coast at night and to the Louisiana coast the next 
morning. 

The cold wave occurred as forecast except that in coast 
sections the fall in temperature was more gradual than it 
was elsewhere. 

A moderate cold wave, for which timely warnings were 
issued, overspread the northern portion of the district 
on the 24th—25th. 

Livestock warnings were issued for all severe condi- 
tions, mainly in connection with the cold-wave warnings. 

Frost or ing warnings for the coast sections were 
issued on the 13th, 14th, 15th, 16th; 24th, 25th, 28th, 
29th, 30th, and 31st, and conditions generally occurred as 
forecast. 

Fire-weather warnings for winds and weather increasing 
the fire hazard were issued for forested areas in Oklahoma 
on the 2d and 11th and in Arkansas on the 11th. 

_A warning of strong northerly winds me gale force 
at Tampico, Mexico, was issued on the 15th.—R. A. Dyke. 


DENVER FORECAST DISTRICT 


The first half of the month was marked by great 
barometric activity and consequent unsettled weather 
conditions and decided temperature fluctuations. The 
outstanding feature was the almost unprecedented 
stormy weather that continued for a week or more in 
Arizona attending a Low that entered California on the 
second of the month and remained over: the southwest 
with varying intensity and in varying geographic posi- 
tions until the morning of the 11th, when it finally 
disappeared, seemingly either filling up or drifting into 
old Mexico. This disturbance brought the heaviest De- 
cember rains of record to southwestern Arizona, the total 
amount at Yuma, 4.43 inches, being nearly nine times 
the normal for December and one mch more than the 
normal. amount for an entire year. A disturbance of 
great intensity appeared in northern Alberta on the 
evening of the 10th and took a course almost due south, 
reaching eastern Colorado by the morning of the 12th. 
This storm was succeeded by the rapid spread of high 
pressure, accompanied by severely cold weather, over 
the northwestern States. This HIGH continued over the 
northern Pat of the district until the 17th. Thereafter 
a series of disturbances moved eastward along the Cana- 
dian border, while several nrcus entered and disappeared 


in the Plateau region until finally one formed that per- 
ecember and well into 


sisted during the closing days of 
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January. These latter changes in pressure were at- 
tended by comparatively settled weather conditions dur- 
ing the latter half of the month. 

- Cold-wave warnings were issued the evening of the 
11th for eastern Montana and northern Wyomig, and 
the morning of the 12th for southern Wyoming, eastern 
Colorado, and eastern New Mexico, livestock interests 
being notified in southern Wyoming and eastern Colo- 
rado. These caving were timely and were fully justi- 
fied except in New Mexico where the fall in temperature 
was too gradual for technical verification. On the 22d 
warning was issued for a moderate cold wave in eastern 
and southern Montana, eastern and southern Wyoming, 
and northeastern Colorado. While not fully verifying 
over the entire region specified, the temperature drop 
ranged from 16 to 24 degrees, with minimum readings 
from 16 degrees above to 4 degrees below zero. A warn- 
ing the sey of the 25th of a moderate cold wave in 
northeastern Montana was fully verified in the extreme 
northeastern part of the State. Numerous advices of 
expected fresh to strong winds in southern Wyoming 
and eastern Colorado were issued for the benefit of the 
air mail services, most of them being well verified. 
Frequent frost or freezing temperature warnings were 
issued for southern Arizona, as were also the usual 
weekly advices of expected temperature conditions to 
the northwestern fruit shippers, supplemented by special 
advices in advance of the cold waves in Montana and 
Wyoming.—E£. B. Gittings, jr. 


SAN FRANCISCO FORECAST DISTRICT 


At the beginning of December the pressure was rele- 
tively low over all parts of the northeast Pacific Ocean, 
with a disturbance on the coast of Washington which 
required the continuance of storm warnings that had 
been ordered along the north coast on the last day of the 

revious month, and their extension to include all Puget 
und ports. Gales occurred along the coast during the 
afternoon of the Ist and on the Sound the following night, 
unusual velocities being recorded. At North Head the 
wind reached a velocity of 94 miles an hour and at 
Seattle 60 miles. Thereafter for several days the barom- 
eter rose over the ocean between our coast and Hawaii 
with the major axis of the nen lying in a general north- 
east-southwest direction. Several disturbances gener- 
ated under this H1GH—that is to say, on its southeastern 
border, their direction of travel being governed by the 
main air currents along the periphery of the Hien. The 
first formed off the northern California coast on the 2d, 
the next over the southern Plateau on the 6th, and the 
3d over southern California on the 8th. Warnings were 
required on some part of the California coast for both the 
latter depressions, and northerly gales prevailed over the 
ocean on both dates, but were most severe on the 8th. 

On the 10th a radical change in type took place, the 
major axis of the oceanic HieH shifting to a northwest- 
southeast direction with a marked rise in pressure over 
high latitudes in midocean. This attitude of the Pacific 
HIGH, although modified at intervals, recurred presistentl 
until the 26th of December, and the phenomena whic 
attended it corroborated to a remarkable degree the 
views which had been entertained in the district forecast 
office regarding the connection between this lie of the 
isobars and concurrent pressure developments in the far 
Western States. In particular, it has been found that 
(1) when the major axis of the oceanic HIGH is as described, 
disturbances lodged in the air currents on the polar side 
of the n1GH travel in a south or southeastward direction, 
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or if they move eastward leave vigorous secondaries over 
the lower latitudes, and (2) that when the axis of the 
oceanic HIGH assumes the direction above described, if a 
Plateau HIGH exists at the same time it will disappear or 
be greatly vitiated in from 12 to 36 hours, no matter how 
intense it may appear to be. For instance, on the 10th 
the reduced pressure at Winnemucca was 30.52 inches. 
Twenty-four hours later a disturbance which had been 
centered near Cordova, Alaska, was over central Canada 
and the pressure at Winnemucca had fallen to 30.04 
inches, while within another 24-hour period an inde- 
pendent Low was located over Utah and rain had fallen 
in the Pacific Forecast District as far south as the 
Mexican border. 

These incidents were, in a general way, repeated in the 
series of charts beginning on December 20th when, with 
a Low centered over southeastern Alaska, a HIGH over 
Nevada rapidly disappeared, the pressure at Winnemucca 
falling from 30.24 inches on the date in question to 29.62 
inches 24 hours later, and precipitation covering the 
Pacific States from the northern to the southern border 
within the same period. During the inclusive period 
mentioned, numerous storm warning displays were made 
on the north coast and occasionally over Puget Sound, 
namely, on the 10th, when warnings were ordered for the 
Washington coast, on the 14th for all points in Oregon 
and Washington, on the 17th for the northern California 
coast and on the 20th and 23d for all Washington and 
Oregon stations. In all cases the warnings were justified 
by subsequent winds in some part of the area specified, 
except in the case of those on the 14th which were 
attended by an anomalous absence of gale phenomena, 
considering the fact that pressure developments took 
place about as expected. 

On the 26th a reversion to the southwest-northeast 
type of isobar occurred in the oceanic HIGH, which was 
immediately followed by the accumulation of high pres- 
sure over the Plateau and Rocky Mountain region and 
which persisted until the close of the month. Gale 
warnings were displayed on the 26th, 27th, 29th, 30th, 
and 3ist for northern ports, all of which were followed 
by stong winds or gales in some part of the area affected. 

The storm referred to as moving southeastward from 
Alaska on the 10th was followed by a southeastward 
movement of a great body of high pressure from polar 
regions which reached the North Pacific States on the 
13th, requiring cold-wave warnings for eastern Washing- 
ton and northern Idaho on the 12th. Advices of the 
approach of a general cold period were also sent to other 
pa of the forecast district which it was known would 

affected, and the public was adequately forewarned. 

Frequent frosts characterized the month in California 
and general warnings were issued for all or parts of that 
State on 19 dates. The most noteworthy were those 
which were followed by more or less general firing in the 
citrus districts on the 25th, 27th, 28th, and 29th.— 
T. R. Reed. 

RIVERS AND FLOODS 


By H. C. FRANKENFIELD 


The outstanding features of river regime during the 
month were the general and disastrous floods in the 
Southern streams tributary to the Ohio River, an unprec- 
edented occurrence within the last 54 years. Only twice 
within this period (the floods of 1926 excluded), has the 
flood stage in the Upper Tennessee River been exceeded 
by a significant amount (39.5 feet at Chattanooga, Tenn., 


1926 


on December 31, 1901, and 34.4 feet on December 21, 
1915). The lower Tennessee and the Cumberland Rivers 
have been entirely free from floods of consequence. 

Cumberland River.—A period of moderate to heavy 
rains from December 8 to 13 was attended by marked 
rises in the rivers, and before the usual decline could be 
accomplished, another period of excessive rains came on 
(December 20 and 21), and a second and much more rapid 
rise set in. Over the drainage area of the Cumberland 
River, the average rainfall was a little over 4:25 inches, 
and flood warnings were indicated at once. Thus far 
creast stages only a few feet. above the flood stages were 
indicated; in other words, moderately high floods only. 
Unfortunately, on December 24, another two-day heavy 
rain period began (average about 3.50 inches), and, as a 
matter of course, the flood conditions became greatly 
intensified. On December 25 additional warnings were 
issued for further rises of about 8 feet in a river already 
above flood stage. These second warnings were closely 
verified as to stage and time, and would have marked the 
crests of the flood had not another rain of about 1.50 
inches fallen on December 27 and 28. Again more water 
was indicated and again warnings were revised to meet 
a situation that was already most grave, dangerous, and 
destructive. Not more than a foot or two of additional 
rise could occur above Nashville, but at and below that 
city a further increase of 3 or 4 feet was inevitable. 

e table at the end of this report shows the crest 
stages reached. As a whole, the flood will rank in impor- 
tance with that of January, 1882. The flood of 1926 was 
greater between Carthage and Nashville, Tenn., and may 
finally be determined to be greater in its entirety. This 
will be determined by a resurvey of several high-water 
marks of 1882. : 

Flood damage was most serious between Carthage and 
Nashville, and reliable estimates of its extent were unob- 
tainable. Many persons, of the opinion that a repetition 
of the flood of 1882 was impossible, and especially at this 
time of the year, had done considerable building and had 
stored valuable property within the range of the flood 
waters to such an extent that it could not be moved 
within a reasonable time. Moreover, it was reported that 
much loss was due to the fact that many persons failed 
to heed the warnings for abnormally high water. It must 
be admitted also that considerable loss was occasioned 
through the fact that the earlier forecasts were not suffi- 
ciently broad. This can hardly be termed a failure of 
commission, as the coming of additional heavy rains 
added complications that could not be foreseen at the 
time the forecasts were made. 

_Two lives were lost during the flood, both in Nash- 
ville. Very incomplete reports of loss and damage are 
as follows: 


(1) Tangible property. $454, 342 
(4) Suspension of business, etc... .....- 113, 135 


Other estimates exceeded this total, the Nashville 
Banner estimating the losses in Nashville and vicinity 
alone at $1,500,000. The reported value of property 
saved through the warnings of the Weather Bureau 
was $1,207,850. 

_ Newspaper reports indicate that at least 5,000 people 
in Nashville and 4,000 in other places were forced. to 
abandon their homes. Much of the city of Nashville, 
especially East Nashville was under water, and at one 
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Jo pected was said to have been three miles in 
width. 

Tennessee River.—The flood began about December 25, 
and the crest had just about reached Florence, Ala., at 
the end of the month. A complete account of this flood 
will appear in the Monthly Weather Review for January, 
1927. A report of the Green River flood will also appear 
at that time. 

Kentucky River —These floods also owe their origin to 
the heavy rains of December 20-21 and were also aug- 
mented by the later rains. Warnings were issued on 
December 21, and again on December 22 and 25, but 
the later warnings failed of distribution over the moun- 
tainous sections of the upper river on account of com- 
plete interruption of communication, a fact that also 

revented the transmission of important information 
rom up-river stations to the district center at Louisville, 
Ky. The crest stages occurred on December 25 and 
26, and the crest of 34.8 feet at High Bridge, Ky., ex- 
ceeded that of March 27, 1913, by 0.2 foot. 

Losses were not very heavy, a total of only $43,000 
being reported, while much personal property and mer- 
chandise was saved through the c 

Other Rivers of Kentucky and West Virginia.—There 
were two rises, both. moderate, one on December 22, 
and the other on December 26-28. Flood stages were 
sppeamne tefl only, and there was little or no damage, 

ough there was a little local flooding in Williamson, 
W. Va., from backwaters of the Tug 
Sandy River through the city sewers. 

Ohio Rwer—There were corresponding rises in the 
Ohio River but none of much consequence above Cin- 
cinnati, Ohio. The nearest approach to flood condi- 
tions was below the mouth of the Rennie River, and 
from Cloverport, Ky., to Shawneetown, Ill., the Ohio 
River was in moderate flood, beginning with December 
28, and was approaching the flood stage at points below, 
the gage at Cairo, Ill., reading 44 feet on December 31, 
while New Madrid, Mo., on the Mississippi River, re- 

rted 33.3 feet. Report on this flood will also be made 
ater. 

Atlantic drainage-—Nothing of special interest trans- 
pired. There were small local floods in the rivers of 
southern Virginia, eastern North Carolina, and central 
and western South Carolina. These floods were well 
forecast and no damage was reported. 

East Gulf drainage-—There was a moderate flood in 
the Coosa and Cahaba Rivers of Alabama during the 
closing days of the month. The heavy general rains 
heretofore referred to were responsible for the floods, 
which were not sufficient to bring the Alabama River 


ork of the Big 


to flood stage. Local warnings were issued at the proper 
time. The following comment was made by Mr. P. H. 
Smyth, official in charge of the Weather Bureau Office, 
Montgomery, Ala. 


The rains during the period mentioned were only moderate in 
the Tallapoosa basin, and the rain which fell above upper Tal- 
lassee was held in Martin Lake, above Martin Dam. o water 
from Martin Lake entered the Tallapoosa River below Martin 
Dam except that which passed through the turbines of the power 
plant at the dam. 

Martin Lake has a storage capacity of seventy (70) billion cubic 
feet. On January 1, 1927, there were stored twenty-three (23) 
billion cubic feet of water, and it is believed therefore that the 
stream flow of the Tallapoosa River below Tallassee will be prac- 
tically constant during the spring of 1927, as far as the rainfall 
above Martin Dam is concerned. 

During the rise the vows plants of the Alabama Power Co. 
at Lock No. 12, and Mitchell Dam, Coosa River, 69 dnd 57 
miles, res ctively, above Montgomery, Ala., were so operated 
as to regulate the stream flow, and consequently the stages reached 
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at places below the dams were much lower than they otherwise 
would have been. 

The Weather Bureau Office at Montgomery kept in touch with. 
the operating department of the Alabama Power Co. through the 
Montgomery branch, and being governed by the information 
received, issued no flood warnings for places on the lower Coosa 
and upper Alabama Rivers. The information received from the 

wer company was of much value to persons on the apes -Ala- 

ma who had cattle and stock in the lowlands, as they were 
saved unnecessary expense and trouble of moving them. 


The flood in the Tombigbee and Black Warrior Rivers 
of Alabama and Mississippi was more serious and was 
still in progress at the close of the month. Report will 
be made later. 

The floods in the rivers of the Pascagoula system of 
Mississippi were more moderate and Pearl River only was 
in flood. This flood continued at the end of the month, 
as did also the flood in the Yazoo River of Mississippi. 
The latter flood was very severe over the upper reaches. 

Illinois River —The IUllinois River fell below the flood 
stage of 12 feet at Pearl, Ill., during December 27, mark- 
ing the end of the flood that had prevailed since the early 
days of September, 1926. This flood was discussed in 


the Monraty Weatuer Review for October, 1926. 


Local floods in the Little Red and Petit Jean Rivers 
of Arkansas were not of consequence. However, warn- 
ings of a decided rise were distributed along the White 
River from Calico Rock southward in time to permit the 
removal of livestock from the bottoms. Some corn and 
cotton inside the levees were destroyed. 

An important flood occurred in the upper Ouachita 
Basin of southwestern Arkansas during the last decade 
of the year. An average rainfall on December 20-21 of 
4.57 inches, followed by several days of substantial rains, 
caused this flood which at Camden, Ark., reached a stage 
of 38.5 feet, 8.5 feet above the flood stage, at 6 p. m., 
a 25. Warnings were first issued on December 

er 21. 

A woman was drowned in the Little Missouri River 
near Prescott, Ark., and the reported loss and damage 
aggregated $75,850, of which $14,850 was in farm prop- 
erty and livestock. The greater losses occurred along 
the Little Missouri River and the Ouachita River in the 
vicinity of Arkadelphia, Ark. A considerable quantity 
of livestock was saved through the warnings. 

The same general and heavy rains caused floods in the 
Little River of Arkansas and Sulphur River of Texas. 
There was also a decided rise in the Red River, but no 
approach to flood stage, except at Fulton, Ark., where 
the crest stage of 27.5 feet on December 25, was only 
0.5 foot below the flood stage. Ample warnings, begin- 
ning with December 21, were issued for these floods, and 
the reported value of property saved was $33,000, not 
including the Red River proper, for which no figures 
could be obtained. The total of the reported losses was 
$25,350. 

Trinity River of Texas——The Trinity River was in 
moderate flood at Trinidad, Tex., from December 23, 
1926, to January 1, 1927, and at Liberty, Tex., from De- 
cember 28 to 31. Timely warnings permitted the saving 
of all movable property. 

Ice -On ecember 20, 1926, there was inaugu- 
rated over the Ohio River Basin, the Missouri River east 
of Kansas City, Mo., and the Mississippi River from the 
mouth of the Missouri to the mouth of the Ohio, a daily 
ice reporting service, mainly in the interest of navigation 
but also for the benefit of other interests that might be 
affected by ice conditions. Through an interlocking 


telegraph system, daily reports are exchanged between 
Weather Bureau stations, reports received from sub- 
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stations, and a daily ice summary and forecast issued 
through the medium of bulletins, radio, telegraph, tele- 
phone and na ee It is hoped and expected that 
the new service will be of great value to those interested. 


| Above flood 


Crest 
stages—dates | 
River and station 
From— To— | Stage Date 
| 
ATLANTIC DRAINAGE 
Feet Feet 
Saluda: Chap 14 30 30 14.3 
James: Columbia, Va__..-.-........---- 18 27 21.0 
Roanoke: Weldon, N. C._.......----.-.- 30 29 (?) 7 30 
EAST GULF DRAINAGE 
Coosa: Gadsden, Ala............-.--.--- 22 23 () 23.9 29 
Cahaba: Centerville, Ala..............-- 25 26 26 26.5 2% 
Black Warrior: Lock, No. 10, Tusca- 
Tombigbee: 
Aberdeen, Miss_.............-...--- 33 25 () 39.2 27 
Columbus, Miss... -.--.-.....-.-.-..- 33 27 31 34.4 28 
No. 4, Demopolis, Ala 39 26 66. 3 Jan. 5 
earl: 
Jackson, Miss_............-..-----.- 20 30 ) ( 
MISSISSIPPI DRAINAGE 
Ohio: 
Dam, No. 44, Leavenworth, Ind---- 48 28 (1) 50.8 30-31 
Oloverpart, Ky... 40 23} @) 42.8 
Evansville, Ind. 35 27 1) (?) 
Dam, No. 48, Cypress, Ind.......--- 35 23 1) (2) 
Mount Vernon, Ind._-._...........--. 35 28 ) (?) 
Shawneetown, Il] 35 2; @) @) 
Guyandotte: Logan, W. Va.._._..-..--- 20 22 22 20. 2 22 
Big Sandy, Levisa Fork: Pikeville, Ky - 35 22 22 41.3 22 
entucky: 
20 21 21 25.0 21 
Destiywee, 30 22 23 40.1 22 
26 26 30. 6 26 
High Bridge, Ky...--....-..--..----- 30 25 27 34.8 26 
Frankfort, Ky 31 25 29 36.0 26 
-Big Barren: 
Bowling Green, Ky -.-.......-...--- 20 22 29 36.5 23 
Munfordville, 28 23 28 36.9 24 
Lock, No. 6, Brownsville, Ky....-.-. 30 23 R 42.5 26 
Lock, No. 4, Woodbury, Ky---..---- 33 22 iG 49.3 27 
Lock, No. 2, Rumsey, Ky-.......--.- 34 25 (Q) 42.3 31 
Cumberland: Williamsburg, Ky--.--._.- 22 22 29 26. 5 26 
B 50 22 23 56.3 22 
25 27 59.3 26 
45 23 | Jan. 2 57.2 29 
Carthage, Tenn..................... 40 23 | Jan. 4 59.1 30 
40 22 | Jan. 7 56. 2 Jan. 1 
Clarksville, Tenn ---.........._..... 46 22 | Jan. 9 60.0 Jan. 2 
Lock, F, Eddyville, Ky.._......_._- 57 26 | Jan. 11 68.5 Jan. 5 
Tennessee: 
Knoxville, Tenn -_-...........-..... 12 26 30 14.0 29 
Rockwood, Tenn...-..............- 20 25 30 25. 2 27 
Chattanooga, 33 38. 4 29-30 
Bridgeport, Ala. 24 28.3 30 
Decetur, Ale. 21 29 (1) 23.2 Jan. 1 
Holston, N Fork: Mendota, Va________ 8 22 22 16.2 22 
Big Pigeon: 
Newport, Tenn-...............____- 6 26 26 7.3 26 
29 29 6.2 29 
Rogersville, 14 23 2B 15.0 23 
Clinch: 
Speers Ferry, Va_................__- 20 22 22 22.0 22 
Little Tennessee: McGhee, Tenn.._____ 20 26 26 20.2 26 
Hiwassee: Charleston, Tenn........____ 22 29 29 22.9 29 
Elk: Fayetteville, Tenn...........____. 14 24 @) 425.8 28 
Duck: Columbia, 25 30 35. 6 27 
Illinois 
10 (3) 16 14.5 Nov. 22 
14 26 19.9 Nov. 19 
18 3) ll 21.0 | Nov. 23-24 
14 27 18.6 | Nov. 29-30 
Beardstown, Iil_.-.............____. 14 3) 31 20.4 | Nov. 29-30 
12 @) 27 16.4 Nov. 30 
Little Red: Dam, No. 1, Judsonia, Ark_.|......-.|......_.|.-.-..- 30.0 22-23 
Arkansas: Yancopin, 29 25 1 
Yazoo: Greenwood, 36 30 
Sulphur 
Ringo Crossing, Tex. 20 21 2%) (27.1 22 
24 24 (1) 29.0 26 
Little: Whitecliffs, Ark..........._____. 28 23 25 28.9 24 
Ouachita: 
18 22 23 22. 5 22 
WEST GULF DRAINAGE 
Trinity: 
25 | Jan. 1 30. 9 2°-30 
I 25 28 31 25.4 28 
1 Continued at end of month. 3 Continued from Jast month. 
1 Crest occurred after end of month. ‘ Estimated. 


December, 1926 


MEAN LAKE LEVELS DURING DECEMBER, 1926 
By Unirep States Lake Survey 
[Detroit, Mich., January 4, 1927] 


The following data are reported in the “Notice to 
Mariners” of the above date: 


Lakes ! 
Data Michi 
Superior an Erie Ontario 
Huron 
Mean level during December, 1926: Feet Feet Feet Feet — 
Above mean séa level at New York___._. 601. 68 578. 26 571. 45 245. 42 
Above or below— 
Mean stage of November, 1926...| —0.07 +0. 04 +0. 18 


—0.07 
Mean stage of December, 1925-..| -+1.43 +0. 72 +1. 06 +0. 87 
Average stage for December, last 


—0. 34 —1. 35 —0. 08 +0. 23 
Highest recorded December stage —1.45 —4. 32 —2.08 —2.19 
Lowest recorded December stage.| +1. 43 +0. +1. 06 +1. 99 
Average (since 1860) of the Decem- 
ber level from the November level __....__- —0, 27 —0. 22 —0. 08 —0. 09 


1 Lake St. Clair’s level: In December, 1926, 574.05 feet. 


EFFECT OF WEATHER ON CROPS AND FARMING 
OPERATIONS, DECEMBER, 1926 


By J. B. Kincer 


General summary.—The first part of the month over 
the northern section of the country was generally un- 
favorable for outdoor work and seasonal farm operations 
made little progress. The frequent snows during this 
period hampered movement of crops to market, but 
they were favorable in protecting the grain fields against 
the cold waves which overspread northern areas. In the 
South, however, the weather permitted farm work to 
proceed practically unimpeded and winter crops and 
outdoor operations made good advance. 

About the middle of December precipitation was heav 
over some eastern districts, but more moisture was still 
generally needed in most southeastern areas. In the 
northwest a continuation of cold weather and high winds 
was unfavorable for livestock, but the frozen ground in 
the interior valley States made conditions better for 
gathering the corn that was still out. 

Toward the latter part of the month precipitation was 
was heavy and in some places excessive over the lower 
Ohio and Mississippi Valleys, with much flooding, and 
much sleet and glaze was reported from the upper Ohio 
Valley and Lake region. Rains were beneficial in the 
Middle Atlantic States, but elsewhere the heavy precipi- 
tation prevented seasonal farm operations and causéd 
some local damage. A good snow cover for winter grains 


and grass wasreported from most sections and much of the 


western range was covered. The coldest weather of the 
season was experienced in some parts of the Great Basin 
and some injury by cold was indicated from the South. 

Small grains—In the more northern districts east of 
the Great Plains winter wheat was generally well pro- 
tected by snow during most of December, but in some 
western sections the ground was mostly bare. The ab- 
sence of a good snow cover during the cold wave the 
second week caused some anxiety, but apparently no ma- 
terial harm resulted. In the southwestern sections. of 
the Wheat Belt there was a continued absence of moisture 
and some injury resulted to the crop by drifting soil. 
The mostly mild weather in the South was generally 
favorable for winter grain crops. 

Corn.—During the first part of the month husking 
and cribbing corn made slow progress due to the con- 
tinued wet fields and mostly unfavorable weather. There 
was considerable of this work remaining to be done and 
husking did not get well under way until the third week, 
when frozen ground facilitated operations. Cribbing was 
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practically completed in the central Great Plains, but rain; considerable cotton remained in the fields in the i 
some corn remained to be cribbed in Missouri at the close northwest at the close. 4 
of the month and some remained out in other sections. _ Miscellaneous crops.—Pastures remained poor in some ) 
Cotton.—Picking and ginning cotton made generally sections of the East, but the range continued in about 
progress in the Cotton Belt until the rains in the normal condition in the more western districts with ample 
northwestern portion, where considerable cotton re- snow for water reported in some areas and other sections 
mained out at the beginning of December. Frequent open. Heavy feeding continued in some portions, but 
rains during the second week made continued unfavorable others, especially the northern Great Plains, had favor- 
conditions and there was further damage to staple, par- able weather and livestock were able to range freely. 
ticularly in the northwest. During the latter part of Winter truck continued to do well in most districts, al- 
the month picking the remaining crop made generally though there was some slight injury by frost. Citrus 
slow advance due to wet fields and continued rains and did well generally and no harm was reported, although 
much cotton was reported pounded out by sleet and it was somewhat too warm for this crop in Florida. 


CLIMATOLOGICAL TABLES ' 
CONDENSED CLIMATOLOGICAL SUMMARY 


In the following table are given for the various sections of the climatological service of the Weather Bureau 


the monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures 
with dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated 
by the several headings. . 
The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and 4 
the greatest and least monthly amounts are found by using all trustworthy records available. ug 
he mean departures from normal temperatures and precipitation are based only on records from stations that have te 
10 or more years of observations. Of course, the number of such records is smaller than the total number of stations. 1a 
Condensed climatological summary of temperature and precipitation by sections, December, 1926 t =! 
Temperature Precipitation | = 
Monthly extremes Greatest monthly Least monthly 
Section & 
Bs Station i Station g 38 Station : Station 
°F, °F. °F In. | In. In, In, 
52.0 | +4.7 87 12 | 5 15 | 216 || 5,92 | +1.07 14. 58 | 1.11 
43.4 | —1.1 | 2 stations..........-. 85 1 | Springerville--...-... —28 27 || 3.02 | +1.69 | Crown King. --.---- 41.53 | Lewis Springs......- 0.45 
43.3 | +0.8 | 2 stations_.........-- 79 24 | Mammoth Spring...| —3 26 || 7.15 | +3.10 | Portland........-.-- 12.43 | Gilbert.........--.... 2. 53 j : 
45.3 | —0.8 | King City_....-...-. 89 1 | Helm Creek...-.-.-- —15 25 || 2.38 | —1.79 | Cuyamaca.-_-....--- 16.52 | Haiwee......-.-.-.. 9.00 q 
23.5 | —1.4 75| 22| —41| 24 1.09 | +0.07| 4.12 | 0.04 
63.7 | +4.1 | 2 89} 215 31 || 0.99 | —2.10 | DeFuniak Springs..| 2.95 | Everglades........_- 0. 05 
51.7 | +4.1 | Alapaha_.........-.- 85 13 | Blue Ridge._-....--- 12 3 || 3.89 | —0.37 | Blue Ridge_.__.-.--- 13.22 | Savannah...........- 0.77 ¥ 
25.7 | —0.2 | Glenns Ferry--.-.-.- 64 1 OY; .-.ke--peues - 14 |} 1,82 | —0.11 | Rolamd__....---.--.-- 4,88 | Lifton........-.....- 0.12 
29.1 | —1.4 | Harrisburg. 68 3 8 -9 14 {| 1.41 | —0.85 | Cairo__....--------- 4:36 0. 40 
29.9 | —2.2 | Marengo. ._......-.- 67 3 | Cambridge City.-.... —9 30 || 1.96 | —0.94 | 4.45 | 0.74 
21.9 | —2.2| 58| 1 | —21| 14]| 1.06 | —0.08 | Forest City__......- 2.42 | 0.28 
31.8 | +0.3| 2 | 2 =14| 15 || 0.90 | —0.03 2.97 | 0.13 
37.8 | +0.2 | Williamsburg- 75 13 | 5 16 || 6.01 | +1.93 | 11.31 2.73 
56.7 | +4.9 | 86| 9| Robeline 15| 16 || 5.84 | +0.66 | 13.71 | 0.96 
32.1 | —3.0 | Newburg, Md_----- 62 8 | Oakland, Md_-..--- —16 18 || 3.19 | —0.10 | Oakland, Md_------ 5.73 | Keedysville, Md._..| 2.16 
22.0 | —3.0| Monroe..........--- 54| 13 | —83 | 18 || 1.57| —0.53 | Painesdale. 3.60 | Harbor Beach....._. 0.62 
11.0} —4.0| 50 —36 14 || 0.99 | +0.26 | Grand Marais... 1,95 0.17 
51.7 | +3.9 | Poplarville. -....-..- 85 9 | Holly Springs------- 14 16 || 9.49 | +4.16 | Water Valley.------| 19.35 | Pearlington --.-.-.- 2.20 
32.6 | —1.3 | 2 75 4 | Greenville_......---- —12 26 || 2.18 | +0.15 |; New 6.74 | Saint C 55 
21.4 | —0.5 | Sun River Canyon.-| 74 10 | Conway’s Ranch.-..|—36 14 || 0.79 | —0.13 | Hebgen Dam..-----.. 3. 74 | 2 stations.......--... 0. 05 a 
25.0 | —0.8 | 2 70| Hay Springs. —25| 15 || 0,63 | —0.11 | 1,60 | 0.00 
30.6 | —1.2 75 1 | San Jacinto- -.------ 24 || 0.66 | —0.28 | 1,81 | 2 0.14 i” 
North Grovenor| 1) Garfield, ‘5 || 2.93 | —0.42| Colchester, Conn...) 5.21 | Cornwall, Vt...-...- 0.95 
ie, 
28.4 | —4& 41} 2 52 2] Wine... 7 || 3.44 | —0.54 | 4.74 | 1, 67 
33.0 | UPB. 83 1 | Elizabethtown ----- —34 25 || 1.53 | +0.73 | Cloverdale 5.94 | 0.18 
21.0 | —4.7 | Ohioville_.-.....---- 61 14 | Philadelphia. —32 18 || 2,41 | —0.57 | 4.99 | 0. 86 
43.8 | +1.3 | 7 | 25 | 7| 19|| 4.17 | +0.28| 13.12 | New 1.13 
9.2| —3.8| Grafton. 55| 20| | 14 || 0.57 | +0.03 | Fort 1.50 | Maddock. .....--..- 0.10 
29.5 | —1.8 | 3 68 13 | 2.38 | —0.48 | Dam No. 28..-...--.- 4.94 | Catawba Island... 1. 23 
40.3 | +1.2| 3| —4| 15 || 2.92 | +1.35 | Smithville. 7.66 | 0. 52 
34.2 | +0.2 | Cottage Grove. 17 | | 14 || 3.93 | Run Lake____.- 17.94 0.44 
27.3 | —3.8 | 13} West Bingham...-.. —2 2.58 | —0.65 Unity Reservoir..... 4.61 | 0. 
48.7 | +2.1 | 82 22 | Caesar’s 13 | 116 || 3.59 | +0.12 s Head_._.... 8.00 | Summerville. 0. 69 
1%2| —0.6| 31 14 || 0.39| —0.21 | Milbank... 1.42 | Ottumwa... 
41.7 | | Etowah. 74 | 13! 4! 16 ||10,69 | +6.31 | 15.57 | 4.85 
49.8 | +0.0 | 89| 2stations 8 | 213 || 4.01 | +1.85 | 11.60 | 2 0.42 
%.9| —0.6 | Springdale. 73| Castle —25 1.15 | —0.04| Big 4.65 | 2 T 
36.8 | —1.5 | Diamond Springs..-| 70| 26 | 4 0| 718 || 4.88 | +1.74 | 9.24 | Mount Weather____. 1.79 
32.0 | —0.1 | 69 1} Cle —15 14 || 6.04 | —0.87 | 18. 83 0. 58 
33.9 | +0.3 | Williamson. 72 3 | 2 18 || 5.10 | +1.59| 10, 57 | Vandalia............ 1.65 
16.3 | =3.9| 51 | 112 | Prentice..........--- -31 1.55 | +0.21 | Plum 3,02 | Beloit............... 0. 53 
21.1 | +0.3 | .----| 68 Riverside. 14 || 0. 51 29 | Dome 1,82 | Powell.............. 0. 01 
90.5 | +63 | 63| Fort Yukon......... —41| 30 | 4.38 | -2.75| 23,23 | Fort Yukon......... 0.03 
71.9 | +2.0 | Waianae. -.........- 91 8| Volcano Observa-| 46; 31 || 5.64 | —3.84| Hiloa - Manawaio- | 32.00 | T. 
74.7 | +0.1 | 2 stations............ 29) 2stations............ 52 | 226 || 2.30 | —2.32 | Barros. ............. 0. 05 


1 For description of tables and charts, see Review, January, 1926, page 32. 
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TasLe 1.—Climatological data for Weather Bureau Stations, December, 1926—Continued 
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Northern Slope 
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Plateau 


North Platte 
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North Head... -.....- 


Region 


Point R 


Red Bl 


Middle Plateau 


Southern Slope 
Reno... 582 

Northern Plaieau 

alla Walla.........-. 
North Pacific Coast 


Baker. 


Southern 
Middle Pacific Coast 
San Diego 
San Luis Obispo...... 


San Francisco......... 
San Jose.............. 


Sacramento. .......... 


Pocatello..........--.. 


Independence........./3, 95 


Santa 013 


Dodge 
Broken Arrow ..--...- 65 
Oklahoma City-......./1, 214 
Resta: 


Rapid City..-.....--. 


Miles City......-..--. 


Kalispell 


1 Pressure not corrected to mean 24 hours. 


11) 54/!29. 


Hawaiian Islands 


Honolulu............. 


8 
x | om | 
1 | | | 
Ft. | Ft.| Ft.| In. F. °F) PRIOR) PF) oF) oF. In. Miles 1 
21.9 —1. 0. 5. 
11) 44} 27.3 16.2} —4.2| 31) 25}—-18) 15) 7 14) 11 0.40} 4) 7,175) sw. sw. 7; 10) 3} 0.2. 
4,130} 87| 112) 25.7 24.7; +0.5 17} 49| 22) 74 —0.3 5, 137] sw. 5| sw. 2 7) 22) 8| 0.0 
2,973, 48 26. 9 23.4) —1. 14) 1 22 85 —0.4 2,943) nw. ne. | 3 5.7 
2,371 48 27.4 16.4| —4.6| 51| 11) 27|\—18! 1 14} 11) 82 0. 4,000} s. nw. | 6) 11) 4.5 
3,259 50 26. 5 26.6) —0.8) 62) 31) 38/\—15) 14 42; 22) 18| 76 —0.4 4,498) nw. nw. 15 7 9 9.9 
6,088! 84] 101) 23.9 26.6) —1. 14) 17) 46) 20 61 | +0. 10, 226) w. 62| nw. | 11) 12 3) 16 T. 
Z 60 2A. 18, 5} —1. 30|—26| 14) 7) 34) 14 | +0.2 2, 363) sw. nw. | 16 1 5| 2.0 
oridan 10} 47) 26. 21, 11) 34)~17| 14 43) 1 73 _ 9} 2,808) nw, sw. | il} 9 1 6) 0.6 
Yellowstone ll 23. 18.1) ~3. 2) 25\—26) 14/ 11) 26 1 78 | —1.0| 16) 6,525) s. sw. | 21 5 9 0| 2.2 
| 51) 27. 26. 8| +0. 1 16 41| 22 02) 4,781) w. | 30) ¢ 00 
106} 113) 24. 00 8| —2. 5) 68 41/—11) 19 5}. 24) 1 +0.4| 6) 5,074) s. n. 14) 9 8 0.3 
> 80 25. —. 02 43}—11) 15) 17) 51) 24) 1 +0.3 3, 818} nw. w. 17) 7 0.0 
50 28. +-,02| —0.7| 52) 37) 14] 22] 34] 26 0.0} 6) 5,383) sw. nw. | 13] 11/ 10 5} 0.0 
| 11} 51) 27. +. 05| —1.2! 68) 15] 21) 41) 26 —0.1 6,540} nw. | 31) s. 19} 3 0.0 
| 139} 158) 28. . 00} —0. 6) 63} 3) 42) 1) 14) 26) 32) 30) 26 +0.3) 8) 8,844] s. n. 12} 9 7) 0.0 
il 29. 69} 3) 47 15] 30} 9,735) n. | 39} nw. | 1 | 0.0 
| 10} 47) 28. +. 01 —0.1) 7 15} 30) 40} 35) 32) 81 +2.0| 7 7; 8. 5) n. 14) 5 0.0 
| 2.52) +1. 
| 10 28. —.01| ~0.2| 78} 1) 56) 15) 15) 36} 35, 39 6.69] +5.6) 7,108] s. w. 12) 6 0} 0.0 
1 26. 00} 37.0} 0.0) 76 B} 10| 15| 26) 45) 31 0.96) +0. 1 5, sw. w. 18} 1) 0.0 
| 64) 71) 29. —.02} 52.3) +0.1) 77 60 44) 1.33] +0.4) 10) 6,500| se. | 31) mw. | 27 1 | 0.0 
| 7 26. —.01) 39.2} —2.0| 71] 4) 51 25| 28} 38] 33 1.09] +0.6) 4,259) s. sw. ll] 9 0.0 
40.2; —1. 1.91) +1. 
| 152} 175) 26.21) 30.05) +. 02) 45.2) +0.3 55) 21) 25| 35) 32) 61} 0.75) +0. 6,761; nw. | w. | 13] 14] 0.0 
8 23. 19} 30, 10] +. 04) 29.2) —1.5) 60 38 20; 31) 24 19) 74) 1.46] +0.7| 10) 4,204) n. sw. 1 1.0 
10 23. 28) 30.04) —. 02} 24,8) —3. 6) 63) 1) 37|\—14 46) 2. 83]......| 13] 5,302) e. n. ll] 4,0 
| 10 28. 84| 30.02) —. 02) 51.2} —0.8 62 0} 40) 44 64) 2.68) +2.1/ 11) 2,895) e, e. 15} ¢ 0.0! 0.0 
| 20.88) 30.03) —. 02) 62.4) —2. 6} 62) 31) 28 30 5} 37; 61) 4.43) +4 3, 988] n. 24) 18) 0,0} 0.0 
| 25. 98} 30.08) —. 04) 38.6) --0.7 50} 1 27; 36; 0,22) —0.6) mw. 15] 11 0.9} 0.0 
| 29.3) —0. 71) 1.03; 
| 74) 81) 25. 50} 30.14) —. 01) 33.8) +0.1) 65) 1 24) 24 24 0.35) —0. 4,227) w. | sw. | 20) 12) 10 T. 
12 24. 03! 30. 12)......| 28. 6)......| 54) 1) 35 24; 23; 19) 24) 1 
| 18 25. 68} 30. 20) +. 02) 27.2} —2.8| 53] 11) 24) 16) 37| 25) 21 0.76} —0.2) 8| 5,070) ne. | nw. | il 6.9} 0.2 
10} 43} 24.61} 30.10] —. 02} 26.5) —1. 6) 63) 1) 38) —5| 23) 15) 39) 22) 1 0.77] +0.2| 6,058] w. } 19} 1) 1 1.6) 0.0 
163 25. 67| 30.15} 00) 30.6) —1.3) 60 37 15| 24| 24) 27 1.47} +0.1) 11) 3,989) nw. s. 1 71 12.1) 2.3 
60} 68; 25.43) 30.11) +. 01] 28.4] +0.9) 5: 37 0} 31) 25 1.78} +1.3 2, 989) se. 29, sw. | 12 2.9 
30. 6} —0. 2; 1.57) 
| 48] 53) 26. 50} 30.20) +. 04) 25.0) —2.3) 52 14) 18) 36) 1.79] +0.3| 16) 4,265) se. 20} se. 17.3) 4.3 
2 8} 86) 27.27) 30.21) +. 01) 30.2) —1.9| 62) 1) 38) 14) 23 28} 24) 78) 1.38} —0.3) 12) 3,304) se. nw. | 7 8! 13.9) 2.7 
0} 48) 29.30} 30.13} .00) 36.0) +0.3) 56) 11) 41 14) 31) 1.24) —0.3) 14) 3,353] e. 2) nw. | 1 4). 2.31 0.0 
60} 68) 25.51) 30.18) +.05| 26.4) —1.3) 60} 1) 33} —4) 15) 20) 27) 23 1.32} +0.5| 13) 6,097) se. se. | 21) 3} 10 11.7) 4.5 
101} 110) 28.02} 30.13) +. 05) 30.4) —0.1) 55} 1) 35) 1) 14) 26) 16 30 87} 1.72) —0.5| 15) 4,086) s. sw. | 4 12.8) 3.7 
87| 29.03] 20.13] +.01| 35.4] —0.1| 68| 1/42) 4] 14) 28] 33 1:98] —0.1| 17] 3,982] s. se. | 6 9.0) 0.0 
42.4) +0. 8| 6.35) —1.1 
211) 11) 56) 29.83| 30.06) +. 03] 44.0) 50} 1) 48} 24) 14) 40) 16) 43) 41) 90] 8.39] +0.9| 25/13,102| se. s. 1 0. 
29) 40. 6).__...| 31] 46) 18} 13) 35) 4.28] —0.9| 20] 4,515] sw. | 341 w. | 0.5 
125| 29. 93) 30.06] +. 05) 41.6} —0.1| 60} 1) 4¢ 14| 38| 17] 40 89} 4.03} —1.4| 23] 6, 787/ s. 65| 1 5.5) 
194| 201| 29. 86) 30.06) +.05| 41.4] 40.8] 62} 1) 46) 16) 14/ 36] 4.06) —2.8] 20! 5,230] s. 54| sw. 1 4 5.6) 
86} 9} 53) 29.91) 30.01| +. 09] 44.1) +0. 56) 30) 47| 20) 13) 16, 42) 90! 13.58] —1.0| 25/14,475) e. 2.0) 
1,4 | 67] 1) 44) 18) 14) 32} 28) 35) 34] 89] 14|.....-| se. 
153] 68 106| 29.95) 30.12) +.05| 41.4 63) 1) 46) 14) 36) 17) 39) 37] 86 5.91) —1.0| 18) 3,981! se. sw. | 24 5} 26) 4.2 
510} 57| 29.58) 30.14) +.03) 42.4 | 67| 1) 49 14| 36] 26) 41 84) 4.17) -1.8 2, 262) s, s. | 7| 22) 8.11 T. 
| 48 | 73) 2.68) 42 
89) 30.08) 30.14) +.02) 47, | 66 14) 41) 26) 45) 41) 79 6.47] —0.8| 18] 6,351) se. 5| ll 8 15) 6.2) 00 
4 7) 18) 20. 52) 51.4 | 66) 10 13) 47) 10/14, 287) nw. nw. 18| 7| 3.6 0,0 
= 56| 29.77| 30.14) 00) 46. 71| 10 31) 39] 28] 42) 36) 69 4.12] —0.4 4,901) nw, nw. 13 6| 4.6 0.0 
: 106} 117) 30.04) 30.11) —, 03} 46. | 63) 10 27| 26 39} 25) 43) 39| 76) 0.58) —3. 7| 5,827) se. 34) nw. 7| 9 3] 3.0 0.0 
| 29. 93} 30.10] —, 02) 51. 63) 4 46) 15) 46) 40) 68 1.04) —3.2) 5,482) n. ne, 8} 12] 13) 6) 4.3 0.0 
141 110} 29.95! 30, 11|...._.| 47. 69) 10 88} 1.17) —1.4] 10) 4,437] ow. 1 3.4 0.0 
523) —0. 1.76) 4 
2 327 98) 29,74) 30 021 46.6) +0.4| 76) 1 24 31} 43| 39] 78! 0.58] —1.0| 3,155] nw. nw. | 12] 14] 9 4.3 0.0 
338) 159) 191) 29 —. 05} 56.1) —0.5) 76) 1) 26 6} 47) 38) 56) 1.15) —1. 4, ne. ne. 8 17) 4) 10) 3.8 0.0 
87 0} 29) —. 05} 55.2} —0.8| 70) 30 27 45 3.89] +2.1) 4,318] e. s. 11} 12) 5.2 0.0 
201 29) —.02} 51.4] —1.6| 73) 10 25 44) 37; 64] 1.41] —0. 2, 842) n. 24) ne. 21 3| 2.7) 0.0 
West Indies 
San Juan, P. 29 .-..--| 76.0) 83) 2 221) —3 1,009} e. e. 5.8 = 
Panama Canal 
Balboa Heights.......| 1 . 00] 79.4) 90) 28 30 8} 74) 74) 87) 8.38) 3, 936) nw. 2. 0.0 
97/1 29 00} 80.6) 89) 28 31 15 75| 7.60| —3.3) 27) 6, n. 0.0 
Alaska 
11 30) 65), 76 | 2 8 
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5.6 
38 3.4 | = 
25 4.9 if 
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obtain f there apply to “Superintendent of Documents, Government Print- 
Was 
“Annual ‘subscriptions. to the | ATRER Revizw, $1:50; single copies, 156: ‘Subscription to the Revizw 


ere not include the Supplements; "are issued irr arly and are for sale by the Superintendent of Documents. 
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_ thane announced... : 
' Detailed climatological data for the Gaited States and its Territories may be purchased from the Superintendent 


A volume issued. monthly Climatological Data for the United States, by Sections” (each:seetion corre- 
a to a State, except that some.emiall States are combined in one séctioa), comprises all but Alaska, Hawaii; 
and Porto Rico, By’ ‘subsoriptioy and annual summary, $4; single months, 35¢. Individual sections, 
subséription, 12 months, single months, 5¢. The individual section apply. to the of Alaskan, 
and pie Indian serticen, the Jeat, named including Porto Rico and the Virgin Islands. 
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